
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    

MS 1073-2:1996 
(CONFIRMED:2015) 

MALAYSIAN  
STANDARD 

Specification for fire resistant doorsets -  
Part 2: Methods for determination of the 
fire resistance - General principles 

  

ICS: 13.220.50 
 
Descriptors: requirement, fire-resistance doorsets, methods for determination 

NOTE. This Malaysian Standard has been reviewed and confirmed as being current. 

© Copyright 1996 

DEPARTMENT OF STANDARDS MALAYSIA 



 

 

DEVELOPMENT OF MALAYSIAN STANDARDS 

 

The Department of Standards Malaysia (STANDARDS MALAYSIA) is the national 
standards and accreditation body of Malaysia. 
 
The main function of STANDARDS MALAYSIA is to foster and promote standards, 
standardisation and accreditation as a means of advancing the national economy, promoting 
industrial efficiency and development, benefiting the health and safety of the public, 
protecting the consumers, facilitating domestic and international trade and furthering 
international cooperation in relation to standards and standardisation. 
 
Malaysian Standards (MS) are developed through consensus by committees which comprise 
balanced representation of producers, users, consumers and others with relevant interests, 
as may be appropriate to the subject at hand. To the greatest extent possible, Malaysian 
Standards are aligned to or are adoption of international standards. Approval of a standard 
as a Malaysian Standard is governed by the Standards of Malaysia Act 1996 [Act 549]. 
Malaysian Standards are reviewed periodically. The use of Malaysian Standards is voluntary 
except in so far as they are made mandatory by regulatory authorities by means of 
regulations, local by-laws or any other similar ways. 
 
For the purposes of Malaysian Standards, the following definitions apply: 
 
Revision:   A process where existing Malaysian Standard is reviewed and updated which 
resulted in the publication of a new edition of the Malaysian Standard. 
 
Confirmed MS:  A Malaysian Standard that has been reviewed by the responsible 
committee and confirmed that its contents are current. 
 
Amendment: A process where a provision(s) of existing Malaysian Standard is altered.  The 
changes are indicated in an amendment page which is incorporated into the existing 
Malaysian Standard.  Amendments can be of technical and/or editorial nature. 
 
Technical corrigendum:  A corrected reprint of the current edition which is issued to correct 
either a technical error or ambiguity in a Malaysian Standard inadvertently introduced either 
in drafting or in printing and which could lead to incorrect or unsafe application of the 
publication. 
 
NOTE: Technical corrigenda are not to correct errors which can be assumed to have no consequences in the application 
of the MS, for example minor printing errors. 

 
STANDARDS MALAYSIA has appointed SIRIM Berhad as the agent to develop, distribute 
and sell Malaysian Standards. 
 
 
For further information on Malaysian Standards, please contact: 
 
 
Department of Standards Malaysia OR SIRIM Berhad 
Ministry of Science, Technology and Innovation (Company No. 367474 - V) 
Level 1 & 2, Block 2300, Century Square  1, Persiaran Dato’ Menteri 
Jalan Usahawan  Section 2, P. O. Box 7035 
63000 Cyberjaya  40700 Shah Alam 
Selangor Darul Ehsan  Selangor Darul Ehsan 
MALAYSIA  MALAYSIA 
 
Tel:  60 3 8318 0002  Tel:  60 3 5544 6000 
Fax: 60 3 8319 3131  Fax: 60 3 5510 8095 
http://www.jsm.gov.my    http://www.sirim.my  
E-mail: central@jsm.gov.my  E-mail: msonline@sirim.my 
 



MS 1073 : PART 2 : 1996 

 i

 

 

 

This Malaysian Standard, which had been approved by the Building and Civil Engineering 

Industry Standards Committee and endorsed by the Board of the Standards and Industrial 

Research Institute of Malaysia (SIRIM) was published under the authority of the SIRIM Board in 

1996 

 

SIRIM wished to draw attention to the fact that this Malaysian Standard does not purport to 

include all the necessary provisions of a contract. 

 

The Malaysian Standards are subject to periodical review to keep abreast to progress in the 

industries concerned.  Suggestions for improvements will be recorded and in due course 

brought to the notice of the Committees charged with the revision of the standards to which 

they refer. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Amendments issued since publication 
 

Amd. No. 

 

Date of issue Text affected 

   

   

   

   

 



MS 1073 : PART 2 : 1996 

 ii

 
 
 
 

 CONTENTS 
 
 
 Page 
 
 Committee representation ........................................................................................... iii 
 
 Foreword ...................................................................................................................... iv 
 
 
1 Scope .......................................................................................................................... 1 
2 Definitions .................................................................................................................... 1 
3 Test conditions ............................................................................................................. 3 
4 Test Specimen ............................................................................................................. 6 
5 Selection of support and loading condition ............................................................. 8 
6 Apparatus ..................................................................................................................... 8 
7 Examination of specimen ........................................................................................... 11 
8 Preparation of specimen ............................................................................................ 11 
9 Test procedure ............................................................................................................. 11 
10 Performance criteria .................................................................................................... 12 
11 Expression of results ................................................................................................... 14 
12 Test report .................................................................................................................... 14 
 
Appendices 
 
A Guidance information .................................................................................................. 16 
B Operating instructions, specimen preparation and observations ............................ 32 
C Hydrocarbon curve ...................................................................................................... 42 
 
 
Figures 
 
1 Standard temperature/time curve .............................................................................. 43 
2 Specimen surface thermocouple junction and insulating pad ................................. 44 
3 Roving thermocouple measuring junction ................................................................. 45 
4 Typical frame for supporting the cotton pad ............................................................ 46 
5 Steel gauges for determining imperviousness .......................................................... 47 
6 Pressure sensing head ................................................................................................ 48 
7 Furnace thermocouple assembly ............................................................................... 49 
8 Thermocouple weight for resilient material ................................................................ 50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MS 1073 : PART 2 : 1996 

 iii

 
 
 
 
Committee representation 
 
The Building and Civil Engineering Industry Standards Committee under whose supervision this Malaysian Standard 
was prepared, comprises representatives from the following Government Ministries, trade, commerce and manufacturer 
association and scientific and professional bodies. 
 
Malaysian Institute of Architects 
Master Builder's Association 
Ministry of Housing and Local Government (Housing Department) 
Ministry of Works and Utilities (Public Works Department) 
University of Technology Malaysia 
Chartered Institute of Building Malaysia 
 
The Working Group on Fire Resistant Doors which prepared this Malaysian Standard consists of the following 
representatives: 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MS 1073 : PART 2 : 1996 

 iv

 
 
 
 

 FOREWORD 
 
 
 
This Malaysian Standard was prepared by the Working Group on Fire Resistant Doorsets under 
the authority of the Building  and Civil Engineering Industry Standards Committee. 
 
This Malaysian Standard was prepared based on BS 476: Part 20: 1987, Fire Tests on Building 
Materials and Structure Part 20: Method for Determination of the Fire Resistance elements of 
construction (General Principles).  References were made to the relevant requirements for the 
testing of doorsets as a non-loadbearing element of construction. 
 
This Malaysian Standard describes the general laboratory procedures, as well as, the 
equipment required to determine the fire resistance of doorsets. This Malaysian Standard also 
includes the so-called 'Hydrocarbon curve'.  It must be noted that the heating regime specified in 
Clause 3 is the exposure condition required by this standard, however, in order to avoid 
confusion which might arise due to non-availability of a standard for such temperature/time 
curves, appendix D includes for information a heating regime which has been proposed in 
ISO/834 (as a preferred option) to represent special risk requirements such as may be 
encountered in offshore structures, etc. 
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SPECIFICATION FOR FIRE RESISTANT DOORSETS 
PART 2 : METHODS FOR DETERMINATION OF THE FIRE RESISTANCE- 

GENERAL PRINCIPLES 
 
 

0. Introduction 
 
 The objective of determining fire resistance, as described in this Part and the associated 

Parts of MS 1073, is to assess the behaviour of a doorset construction when subjected to 
defined heating and pressure conditions. The method provides a means of quantifying the 
ability of a doorset to withstand exposure to high temperatures, by setting criteria by which, 
the fire containment (integrity) and the thermal transmittance (insulation) functions can be 
adjudged. 

 
 However, the standardized temperature/time conditions used in this evaluation are 

representative of only one possible fire exposure condition at the fully developed fire stage 
and the method does not quantify the behaviour of a doorset, for a precise period of time, in a 
real fire situation (see A.1 and Appendix C ). The principle of the method is as follows. 

 
 A representative sample of the doorset is exposed to a specified regime of heating and the 

performance of the test sample is monitored on the basis of criteria described in the standard. 
Fire resistance of the test element is expressed as the time for which the appropriate criteria 
have been satisfied. The times so obtained are a measure of the adequacy of the 
construction in a fire but have no direct relationship with the duration of a real fire. 

 
 The test data can be used directly to show compliance with fire resistance requirements in 

regulations, byelaws or other safety specifications. The tests can also be used to study the 
behaviour of constructions at high temperatures and obtain guidance on the effect of design 
features on fire resistance. It is intended to extend the application of test data by agreed 
procedures for interpolation and extrapolation. Due to restrictions of size and the absence of 
surrounding construction the laboratory test cannot reproduce the actual behaviour pattern of 
a doorset in a fire. However, test data can provide a basis for making engineering 
evaluations.  

 
 

1. Scope 
 
 This Part of MS 1073 describes a procedure for a laboratory test for the determination of fire 

resistance of doorsets. 
 
 NOTE.  The titles of the  publications referred to in this standard are listed on the insideback cover. 

 
 

2. Definitions 
 
 For the purposes of this Part of MS 1073, the definitions given in BS 4422 apply, together 

with the following. 
 
2.1 associated construction 
 
 A form of construction that may be required for the testing of some elements of construction 

and to which the test specimen is connected, e.g. the wall into which a doorset would be 
fitted. 
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2.2 collapse 
 
 The mechanical failure of the complete specimen that allows it to fall from the position into 

which it has been fixed. 
 
2.3 fire resistance 
 
 The time for which an element or building construction is able to withstand exposure to a 

standard temperature/time and pressure regime without a loss of its fire separating function. 
 
2.4 furnace closure 
 
 A suitable form of construction designed to fill the space between the permanent opening of 

the  furnace and the test constructions are maintained for the duration of the test without 
interconnection between the test construction and the furnace closure and which has no 
significant effect on the behaviour of the test specimen. 

 
2.5 impermeability  
 
 The ability of a doorset to restrict the egress of hot gases from the unexposed face of the 

specimen causing ignition of the cotton pad. 
 
2.6 insulation 
 
 The ability of a specimen of a doorset to restrict the temperature rise of the unexposed face to 

below specified levels. 
 
2.7 integrity  
 
 The ability of a specimen of a doorset to contain a fire to specified criteria for collapse, 

freedom from holes, cracks and fissures and sustained flaming on the unexposed face. 
 
2.8 specimen 
 
 A doorset provided for the purpose of determining either its fire resistance or its contribution 

to the fire resistance of another building element. 
 
2.9 sustained flaming  
 
 Flaming that is visible with the naked eye and that remains visible for an uninterrupted period 

of not less than 10 s. 
 
2.10 test construction  
 
 A complete assembly of a specimen and its associated construction if incorporated. 
         
 
2.11 separating element  
 
 An element that is required to satisfy the criteria of integrity and insulation, in addition to 

loadbearing capacity if applicable, for the purposes of maintaining separation between two 
adjacent areas of a building in the event of a fire. 
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3. Test conditions 
 
3.1 Heating conditions 
 
3.1.1 The standard temperature/time curve 
 
3.1.1.1 The temperature/time conditions (see figure 1, A2.1 and A2.2) shall be as given by the 

equation  
 
 T = 345 log10 (8t + 1) + 27  
 
 where; 
 

 T  is the mean furnace temperature (in °C); 
 t  is the time (in min) up to a maximum of 360 min. 
 
3.1.1.2 The mean furnace temperature (T) as given by the furnace thermocouples specified in B1.2 

shall be controlled such that it will comply with 3.1.1.1 within the tolerances specified in 3.1.2. 
 
3.1.2 Tolerances 
 
3.1.2.1 For the purpose of computing the percentage deviation (p), the areas under the respective 

temperature/time curves shall be computed (see A2.3) at a minimum of the following time 
intervals: 

 
   0 min to  10 min at  1 min intervals 
  10 min to  30 min at  2 min intervals 
  30 min to 120 min at  5 min intervals 
 120 min to 360 min at 10 min intervals 
 
 Any deviation calculated in accordance with 3.1.2.2 shall be within the following limits: 
 
 a) less than 15 % to the end of the first 10 min of the heating period or to the end of the 

test if this is less than 10 min; 
 
 b) less than 10 % from 10 min to the end of the first 30 min of the heating period or to the 

end of the heating period if this is greater than 10 min but less than 30 min; 
 
 c) less than 5 % from 30 min to the end of the heating period. 
 
 
3.1.2.2 The percentage deviation (p) in area of the mean furnace temperature/time curve from the 

standard temperature/time curve is given by: 
 

 where; 
 
 A is the area under the mean furnace temperature/time curve; 
 
 B is the area under the specified temperature/time curve. 

 100x 
B

B-A
=P  
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3.1.3 Uniformity of temperature distribution.  
 
 At any time after the first 10 min of the heating period, the temperature rise indicated by any 

of the thermocouples used to determine the mean furnace temperature shall not differ from 
the corresponding temperature rise given by the standard temperature/time curve by more 

than 100 °C. 
 
 With test constructions where either the specimen or any associated construction 

incorporates combustible materials that produce flaming within the furnace which can be 
identified to be causing localized heating or cooling of one or more of the furnace 
thermocouple hot junctions, the deviation of temperature rise recorded by that or those 

thermocouples so affected from the standard temperature curve shall not exceed 200 °C. 
 
3.2 Pressure conditions 
 
3.2.1 General.  
 
 After the first 5 min of the heating period and for the remainder of its duration, a positive 

pressure relative to the laboratory shall be established within the furnace. This pressure shall 
be controlled to satisfy the requirements specified in 3.2.2  for the respective elements (see 
A2.4). 

 
3.2.2 Separating elements.  
 
 The test construction shall be subjected to a pressure condition similar to that which would 

apply if a linear pressure gradient of 8.5 Pa per 1000 mm height is assumed to exist together 
with a neutral pressure axis at a height of approximately 1000 mm above the   notional floor 
level. The pressure at any position on a vertical test construction and on the underside of a 
horizontal test construction shall be determined with respect to the elements positional height 
relative to notional floor level. The pressure condition shall be controlled to within ± 2 Pa. 
Notwithstanding the above, the pressure at the top of a vertical test construction and at the 
underside of a horizontal test construction shall at no time exceed a maximum value of 20 Pa. 

 

3.3 Ambient conditions within the laboratory 
 
3.3.1 The ambient air temperature, as measured by the ambient temperature thermometer 

specified in B1.1, in the general vicinity of the test construction shall be within 24 °C to 35 °C 
immediately prior to the heating period (see A2.5 and B6.3.2 ). 

 
3.3.2 For tests on separating elements where measurements of the unexposed face temperature 

rise are made in order to determine compliance with 10.4, the following additional 
requirements shall apply: 

 
 a) 30 min prior to the commencement of the test, the mean unexposed face temperature 

as indicated by the thermocouples specified in 6.2.2.1 shall be within 5 °C of the 
ambient temperature. 

 
 b) during the course of the heating period the ambient temperature shall not increase 

above its initial value by more than 5 °C up to the time of insulation failure; 
 
 c) Measurements shall be made in essentially draught free conditions. 
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3.3.3 For tests on separating elements where the unexposed face temperature is only being 

determined for other reasons, e.g. for determining the time at which to discontinue the use of 
the cotton pad (see 10.2.2) the conditions (a) and (c) specified in 3.3.2 shall be complied with 

but the temperature  rise in (b) is permitted to increase by 15 °C. 
 
3.4 Loss of accuracy 
 
 Where the mean furnace temperature, pressure conditions and ambient conditions in the 

laboratory create more severe conditions than those specified in 3.1, 3.2 and/or 3.3, the 
actual test result achieved may still be accepted as valid (see items (g), (j) and (l) of clause 12 
and A2.7). 

 
 

4. Test specimen 
 
4.1 General 
 
 The test specimen and any associated construction forming a test construction shall be 

identical to, or representative of, the element of building construction that is to be evaluated. 
The specimen and any associated construction shall not be in such a state at the start of the 
test that the specimen would fail the permeability  criteria as defined by the use of the gap 
gauges (see 10.2.2 (b)). 

 
 NOTE. The choice of the associated construction may be significant to the performance of the test specimen, and 

reference should be made to the guidance notes given in the appendices of BS 476 : Parts 21 to 23 relevant to the 
element under test.   

 
 The test construction only represents the element of construction when the conditions of fixity 

used during the test are identical to, or typical of, those used in practice. If information is 
required to determine the behaviour of the construction  under different end or edge 
conditions or to determine the effect of special aspects of the construction, which are not an 
essential or integral part of the element, then additional test(s) shall be carried out. 

 
4.2 Design considerations 
 
 The test construction shall be designed so that the critical aspects of the element are 

incorporated in the specimen (see A3.1). In designing a specimen and its associated 
construction the influence of joints, incorporated services, finishes, openings for access and 
vision, etc. shall be considered. Unless evidence exists indicating that these features will not 
have a deleterious effect, they shall be incorporated in the construction to be tested. 

 
 The influence and interactions between the element of construction and its adjacent 

supporting construction shall be carefully considered such that any associated construction 
used in conjunction with the test specimen shall have similar influences as in practice. 

 
4.3 Manufacture of the test construction 
 
 All materials and constructional methods used in the manufacture of the test construction 

shall be representative of the intended use of the element, and shall be described in the 
report (see A3.2). 
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 If it is necessary to modify an element in order to produce a construction that will fit into the 

furnace or to facilitate an evaluation of a particular design feature, then full details of the 
design of the specimen and details of the modifications made shall also be included in the 
report. 

 
 The properties of any material component used in the test construction that have a significant 

effect on the fire resistance of the specimen shall be reported. The report shall include either 
the source of the information, or if particular properties are measured details of the method 
used (see A3.3). 

 
4.4 Number of specimens 
 
 For non-separating elements, separating elements that are only required to resist fire from 

one side in use, and for vertical symmetrical separating elements, one specimen shall be 
tested (see A3.4). 

 
 For vertical asymmetrical separating elements that are required to resist fire from either side, 

the element shall be tested from each side using a separate specimen. However, if it is 
possible to ascertain the direction of exposure that will give the lesser fire resistance, one test 
may be carried out exposing the specimen to the furnace in its anticipated weaker direction, 
in which case the reasons for this shall be clearly stated in the report. 

 
4.5 Size of specimen 
 
 Whenever possible, the test specimen and where appropriate any associated construction 

shall be a full sized element of building construction. Unless it is impossible, the individual 
components making up a test specimen shall be full size (see A.3.5): 

 
 non-separating elements: vertical  3 m high 
       
 separating elements:  vertical  3 m high by 3 m wide 
       
 When the element, and hence the specimen, is smaller than the aperture available in the 

appropriate furnace, either an associated construction shall be provided with the specimen of 
such dimensions to give a test construction of the necessary size or furnace closures of the 
requisite size shall be used. 

 
4.6 Condition of the test construction 
 
 When a test construction incorporates materials that are either time or moisture sensitive, 

these materials shall, at the time of test, be at a condition approximating to the state of 
strength and moisture content that would be expected in normal service. 

 
 NOTE.  Where this is not known or cannot be achieved, the moisture content levels given in A3.6 should be used. 

 
 The moisture content of hygroscopic materials and the state of time sensitive materials shall, 

where accessible, be determined prior to test and shall be quoted in the test report together 
with the method used for their determination. 

 
 When it is not practicable to ascertain the condition of component material(s) of a test 

specimen, e.g. fully encapsulated materials, the report shall state that the condition has not 
been determined. 
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5. Selection of support and loading conditions 
 
5.1 For non-loadbearing elements the test construction shall be mounted as realistically as 

possible using the fixing details employed in practice. 
 
 

6. Apparatus 
 
6.1 Furnace 
 
 NOTE. All dimensions given in the description of the furnace and its associated equipment are nominal unless 

tolerances are specified. 

 
6.1.1 The furnace shall be of a design (see A4.1) appropriate to the type of specimen being tested, 

as to allow: 
 
 a) vertical separating elements to be exposed to the heating and pressure conditions on 

one face. 
 
6.1.2 The furnace shall be able to accommodate the full sized element of construction or the 

minimum size of test construction specified in 4.5 where the element is of a larger size. 
Reduced size furnaces can be used for testing small, but full sized elements. Where a 
reduced size furnace is used (i.e. a furnace with an opening not greater than 1.5 m x 1.5 m), 
the furnace aperture shall be greater in area than the exposed face of the specimen by a ratio 
of at least 1.5:1. The additional area between the element and the furnace aperture shall be 
filled by means of an associated construction or a furnace closure as appropriate. 

 
6.1.3 Vertical furnaces shall have a chamber depth, i.e. the distance between the exposed face of 

the specimen and the face of the furnace lining immediately opposite the specimen, of not 
less than 600 mm and not more than 1300 mm excluding any areas where flues or other 
openings enter the furnace chamber. The total area of such flues and other openings shall 
not exceed 25 % of the surface area of the wall in which they occur.  

 
6.1.4 The furnace shall be heated with burners that are fired using either natural gas or liquefied 

petroleum gases. The heat output of the burners shall be controllable and shall be sufficient 
to expose the specimen to the heating and pressure requirements specified in 3.1 and 3.2 
respectively. 

 
 NOTE.  The mixture of fuel and air to each burner should be nominally constant over the burner's operating range. 

 
 The furnace shall be provided with exhaust ports connected to a suitable exhaust gas 

handling and control system that allows control of the furnace pressure to comply with 3.2. 
 
6.1.5 The furnace shall be provided with thermocouples and linked to associated temperature 

measuring devices as specified in B1.2 and B2.2.2 for determining the temperatures at 
specified positions in the furnace as described for each type of specimen tested (see BS 476 
: Parts 21 to 23). 

 
6.1.6 The furnace shall be provided with a pressure sensing probe as specified in B1.3 situated 

within the furnace at a specified position as described for each type of specimen evaluated 
(see BS 476 : Parts 21 to 23). The pressure sensing probe shall be connected to a furnace 
pressure indicator (see B2.2.3). The measurement of the static pressure within the furnace 
shall be made relative to the static pressure outside the furnace. 
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6.1.7 In order to define the start of the test time the average furnace temperature shall be 

continuously indicated and the display shall be clearly visible to the furnace operator for the 
purpose of starting the timing device. 

 
 A timing device complying with B2.3 shall be available for the furnace operator. 
 
6.1.8 The furnace shall be located in a room of adequate size to allow easy access to the furnace 

and its associated equipment and safe handling of specimen constructions. 
 
6.2 Instrumentation 
 
6.2.1 Measuring and control equipment, to monitor the test construction, the laboratory and the 

furnace environment and the behaviour of the test sample during the test. 
 
 NOTE. Details of the instrumentation needed for the measurement of temperature, pressure and load are given in 

appendix B. 
 
6.2.2 Monitoring equipment 
 
6.2.2.1 Fixed specimen surface thermocouples, constructed as shown in figure 2, and consisting of 

either type T, type N or type K thermocouple wires complying with BS 4937 : Part 4 or 5, with 
a maximum diameter of 0.5 mm, brazed to a 12 mm diameter, 0.2 mm thick copper disc. 
Each thermocouple shall be provided with a 30 mm square, 2 ± 0.5 mm thick pad of 
insulation material. This insulation material shall have a dry density of 900 ± 90 kg/m², a 

thermal conductivity of 0.13 W/(m.K) ± 10 % at 100 °C, and shall be of a material capable of 

withstanding temperatures of 400 °C without any change in mechanical or physical 
properties. The insulation pads shall be slotted or provided with holes to accommodate the 
thermocouple wires. 

 
 The wires from the thermocouples shall be connected either directly or via compensating 

leads to an appropriate temperature indicator (see B2.2.4). 
 
6.2.2.2 Roving surface thermocouple, with a measurement junction consisting of either type T, type N 

or type K thermocouple wires complying with BS 4937 : Part 4 or 5, with a diameter of 1.0 
mm, brazed to a 12 mm diameter, 0.5 mm thick copper disc (a copper/constantan wire 
thermocouple with  a diameter of 0.5 mm may also be used). The wires of the thermocouple 
shall be bent normal to the rear face of the copper disc to allow them to be inserted into 
separate holes in a porcelain insulator as shown in figure 3. The porcelain insulator shall have 
a diameter of 6 mm to 10 mm and shall contain two holes of approximate 2 mm diameter. 
The distance between the rear face of the copper disc and the end of the insulator  shall be 6 
± 1 mm. 

 
 The wires from the thermocouple shall be connected to an appropriate temperature indicator 

(see B2.2.5). 
 
6.2.2.3 Cotton pad, used for monitoring of permeability and consisting of new, undyed and soft cotton 

fibres, without any admixtures of man-made fibres, and shall be 100 mm square by 20 mm 

thick and shall have a mass of between 3 g and 4 g. It shall be dried in an oven at 105 ± 5 °C 
for at least 30 min and then stored in a desiccator to cool and until ready for use. 

 
 It shall be placed, immediately prior to use, in the wire holder shown in figure 4. 
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6.2.2.4 Gap gauges (as shown in figure 5), used for monitoring of impermeability. They shall be 

made of steel rod of the diameter specified to an accuracy of ± 0.5 mm. They shall be 
provided with handles that are of sufficient length to ensure operator safety without detracting 
from the accuracy and care which may be needed in determining the point of any failure. 

 
6.2.2.5 Radiometer  
 
 The radiometer shall be capable of measuring irradiance within the range 0 to 100 kW/m². 

The time constant shall be not more than 3 s (corresponding to a time to reach 95 % of final 
output in not more than 10 s). The instrument shall normally be calibrated with the target 
vertical in which case the sensitivity shall not change by more than 1 % when the instrument 
is used with the target horizontal. The target receiving radiation shall be circular, flat, not more 
than 10 mm diameter, and coated with a durable matt black finish. The target shall be within a 
water or air cooled body whose front face shall be flat and coincident with the plane of the 
receiving face of the target. Radiation shall not pass through any window before reaching the 
target. The instrument shall be robust, simple to set up and use, insensitive to draughts and 
stable in calibration. The instrument shall have an accuracy of within ± 3 % and a repeatability 
within ± 0.5 %. 

 
 The output from the radiometer shall be measured on an appropriate millivolt measuring 

device (see B2.2.6). 
 
6.2.2.6 Specimen internal thermocouples, for measuring internal temperatures. 
 
 NOTE.  Determination of internal temperatures is not required. When these are to be determined for information 

purposes, the guidance given in A5.2.5, A7.2 and B4.1.3 should be followed. 
 
6.2.2.7 Recording and ancillary equipment, required for the following purposes: 
 
 a) furnace temperature; 
 b) furnace pressure; 
 c) specimen interior temperature; 
 d) fixed and roving furnace temperature devices; 
 e) radiation measuring devices; 
 f) timing devices. 
 
 NOTE.  The type of equipment suitable for such purposes is described in B2. 
 
 

7. Examination of specimen 
 
 A full and detailed specification of the test specimen shall be provided by the test sponsor 

prior to the installation of the test specimen at the laboratory.  This specification shall be to a 
level of detail sufficient to allow the laboratory to conduct  a detailed examination of the 
specimen in accordance with B3 before the test and to agree with the sponsor the accuracy 
of the specimen specification. 

 
 

8. Preparation of specimen 
 
 The procedure for fixing thermocouples, installing the specimen, measurement of radiation 

and other essential steps to be taken before a test can be undertaken shall be as given in B4. 
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9. Test procedure 
 
9.1 General 
 
 NOTE.  The procedure for conducting the test and measurements and observations to be made during the course of 

the test are defined in 9.1.1 to 9.1.2 and details are described in B8 to B10. 
 
9.1.1 Ambient temperature measurements. 
 
 Measure the ambient temperature, using the ambient temperature thermocouple. Do not 

commence heating until the ambient temperature is within the specified limits. 
 
9.1.2 Establishment of datum values.  
 
 Not more than 15 min before the commencement of heating take and record datum values for 

each individual temperature measurement, deflection measurement and any other 
supplementary measurement, e.g. radiation. 

 
9.2 Heating procedure 
 
 Commence heating of the specimen and control the furnace temperature to comply with 3.1 

and the furnace pressure to comply with 3.2. 
 
9.3 Monitoring of criteria 
 
 Throughout the heating period monitor the behaviour of the specimen for compliance with the 

relevant criteria in clause 10 and the appropriate clauses of BS 476 : Part 21, 22 or 23. 
 
9.4 Other observations 
 
 Monitor and record any significant deflection of the specimen even when not required as a 

criteria for failure. Monitor and record the radiation flux emitted from the unexposed face of 
separating elements using the radiometer specified in 6.2.2.5 (see A8.4). 

 
9.5 Termination of test (see also A8.5) 
 
9.5.1 Continue heating until failure occurs under one or more of the relevant performance criteria or 

at a time agreed between the sponsor and the test laboratory. If the heating is terminated 
before failure, the duration of heating is deemed to be the fire resistance of the specimen. 

 
 

10. Performance criteria 
 
10.1 General 
 
 The fire resistance of the test construction shall be assessed against one or more of the 

criteria for integrity and insulation, whichever are relevant to the elements used in practice 
(see A.9 and BS 476 : parts 21 to 23). 
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10.2 Integrity 
 
10.2.1 General 
 
 A failure of the test construction to maintain integrity shall be deemed to have occurred when 

collapse or sustained flaming on the unexposed face occurs or the criteria given in 10.2.2 for 
impermeability are exceeded (see clause 2). 

 
10.2.2 Impermeability  
 
 Failure shall be deemed to have occurs when one or other of the following conditions prevail. 
 
 a) For situations where the cotton pad (6.2.2.3) is suitable (see B9.2.2), failure shall be 

deemed to have occurred when flames and/or hot gases cause flaming or glowing of 
the cotton fibre pad. 

 
 b) For situations where the use of the cotton pad is not suitable, failure shall be deemed to 

have occurred when either: 
 
  1) the 6 mm diameter gap gauge can penetrate a through gap such that the end of 

the gauge projects into the furnace and the gauge can be moved in the gap for a 
distance of at least 150 mm; or 

 
  2) the 25 mm diameter gap gauge can penetrate a through gap such that the end of 

the gauge projects into the furnace. 
 
10.3 Insulation 
 
 Failure shall be deemed to have occurred when one of the following occurs: 
 

 a) if the mean unexposed face temperature increases by more than 140 °C above its 
initial value; 

 
 b) if the temperature recorded at any position on the unexposed face, either by a fixed 

thermocouple (see 6.2.2.1) or by the roving thermocouple subject to the following 

provisions (see 6.2.2.2) is in excess of 180°C above the initial mean unexposed face 
temperature; 

 
 c) when integrity failures as defined in 10.2 occur. 
 
 Temperatures measured by the roving thermocouple placed on a flat surface that has a 

minimum 12 mm diameter flat surface to which the disc can be applied shall be included in 
the evaluation of maximum temperature criterion. 

 
 Temperatures measured by the roving thermocouple, placed on small features that have a 

minimum 6 mm diameter flat surface, shall only be used in the evaluation of the maximum 
temperature criterion if the aggregate area of this or these features 0.1 % of the specimen 
surface area within any 1 m² of surface area. 
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11. Expression of results 
 
11.1 The test results shall be stated in terms of the elapsed time, rounded down to the nearest 

minute, between the commencement of heating and failure under one or all of the criteria 
given in clause 10. If no integrity or insulation failure occurred in a separating element during 
the heating period, then the times stated for these criteria shall be the elapsed time between 
the commencement and the termination of the heating. 

 
11.2 In no case shall the period taken for insulation failure to occur exceed the period given for 

integrity failure to occur. 
 
 NOTE.  An example of the method of expressing the results is given in A.9. 
 
11.3 The results of the test shall be contained in a test report as specified in clause 12. 
 
 

12. Test report 
 
 The test report shall include the following information. 
 
 a) The name of the testing laboratory. 
 
 b) The name of the sponsor. 
 
 c) The date of the test. 
 
 d) The name of the manufacturer and the trade name, if any, of the specimen and any of 

its component parts, if known. If unknown, this shall be stated.  
 
 e) The construction details, materials used, dimensions and condition of the assembly as 

tested, with detailed drawings noting, where appropriate, any modifications made to the 
element in order to manufacture a test construction (see 4.3). 

 
 f) The important physical properties of materials or components, including the condition 

and the means by which this was achieved, together with each source of information. 
Where it proved impracticable to measure any of these properties, this shall be reported 
(see 4.6). 

 
 g) The ambient temperature of the test area at the commencement of the test. 
 
 h) For asymmetrical separating elements, the direction in which the specimen was tested 

and the reason for this choice. 
 
 i) The test loading, if any, and its relation to the design conditions. 
 
 NOTE.  This should include the method of loading. 
 
 j) The overpressure conditions within the furnace related to the position of the test 

construction. 
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 k) The reasons validating the test in the event of the tolerances on the temperature/time 

curve, pressure conditions or ambient laboratory conditions being inadvertently 
exceeded (see 3.4). 

 
 l) Temperature /time graphs of the furnace heating conditions (see A2.3). 
 
 m) The fire resistance when adjudged by the appropriate criteria as given in clause 10, and 

expressed as specified in clause 11, including: 
 
  1) temperature/time graphs of unexposed face temperatures; 
 
  2) the position(s) at which the maximum temperature rise was measured should this 

be the cause of failure with respect to insulation; 
 
  3) the time at which the cotton fibre pad was discontinued in favour of gap gauges; 
 
  4) if recorded, the irradiance with respect to time with details of 

positioning/screening of radiometers (see A8.4); 
 
  5) if recorded, the temperature of any internal components or cavities; 
 
 When a test is terminated before the occurrence of failure under any of the relevant criteria, 

this shall be stated. 
 
 n) The following statement: 
 
 'The results only relate to the behaviour of the specimen of the element of construction under 

the particular conditions of test; they are not intended to be the sole criteria for assessing the 
potential fire performance of the element in use nor do they reflect the actual behaviour in 
fires'. 
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 APPENDIX A 
 
 Guidance information 
 
 

A.1. Application of method 
 
 The rate at which a fire develops and the temperatures reached are highly dependent upon 

the size and nature of the fire load (the materials within the fire compartment), the oxygen 
supply available to feed the fire and the shape and size of the compartment. From this it can 
be seen that it is impossible for any method to simulate a real fire situation. Experience has 
shown, however, that elements that have not failed the appropriate performance criteria given 
for an appropriate period of fire resistance are rarely the cause  of catastrophic failure in the 
real fire environment. 

 
 In certain industrial processes where the nature of the fuel load is different, e.g. 

petrochemicals, the standard method is less applicable and, as a result, different 
temperature/time relationships are used for evaluating the structure. These test conditions 
should, however, only be used in the context of evaluating buildings that are known to be 
housing processes or materials for which the modified heating regime was designed. 

 
 If one considers the limitations that the furnace imposes on the size of the element that can 

be evaluated it will be recognized that many elements can only be tested at a fraction of their 
design size. The designer should therefore consider the result obtained from a fire resistance 
test in the context of the total building design. Whilst every effort is made during the test to 
reproduce the restraint conditions that apply to the element is use, this often has to be 
simplified when compared with the complex nature of such forces in a building. 

 
 It is important that the design of the specimen takes account of these considerations and it 

may be necessary that more than one test will be required to sufficiently characterize the fire 
performance of an element of building construction. 

 
 

A.2. Furnace temperature and pressure conditions 
 
A.2.1 General 
 
 The fire environment simulated in the furnace is a simplification of the real conditions that 

exist in a fire within an enclosed room. In this standard, the temperature and pressure 
conditions are specified but no requirements have been given for oxygen content in the 
furnace environment. In real fires, the actual magnitude and variation of these parameters will 
be dependent upon several interrelated factors, some of which are: 

 
 a) the amount and type of combustible materials in the room (the fire load); 
 
 b) the distribution of the fire load in the room; 
 
 c) the configuration of the fire load; 
 
 d) the amount of air supplied to the room; 
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 e) the geometry of the room; 
 
 f) the thermal characteristics of the structures which enclose the fire chamber or are 

contained within it. 
 
A.2.2 Heating regime 
 
 The heating of the furnace is specified in terms of a temperature/time relationship which is 

given by the following equation: 
 

 
 This equation is slightly different from the equation given in BS 476 : Part 8, and ISO 834, in 

that it gives the furnace temperature in terms of actual temperature and not temperature rise. 

It has been assumed that the furnace temperature  at commencement of the fire test is 27 °C, 
irrespective of its actual value, so that all furnaces will operate to the same actual 
temperature/time programme. The actual initial furnace temperature is required to be within 

the limits of 27 ± 2 °C. 
 
 The change to the use of actual temperature as a basis of the temperature/time programme 

is to enable closer correlations in performance to be achieved on elements whose 
performance is very much temperature sensitive (e.g.glass). Also, with the use of critical 
temperatures as a basis for assessment and calculation of fire resistance , it is logical to have 
both the temperature of the element and the temperature of the heating environment 
expressed in the same terms. With the previous basis of operating to a temperature rise, a 

possible 30 °C difference in the initial throughout the test duration. 
 
A.2.3 Temperature/time tolerances 
 
 A more precise definition of the application and method of calculation of the tolerances on the 

furnace temperature/time programme has been given in 3.1.1.1 than in the previous  edition 
of the standard. A requirement has been included on the distribution of temperature within the 
furnace, and advice is given about the course of action to be taken if the test conditions do 
not comply with the required tolerances. 

 
 The area under the time/temperature curve At,o can be estimated by using a mechanical 

integrating device such as a planimeter. If such a device is not available approximations can 
be obtained by 'counting squares' or by numerical approximations. 

 
 
 
 One such method of approximation is known as the Trapezoidal Rule which is given by: 

 
 where; 
 
 t is the time (in min) at which the temperature T is measured; 
 

 27 + 1) +(8t log 345 = T 10  
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 To is the initial temperature (in °C); 
 

 Tt is the temperature at t (i.e. at the end of the test) (in °C); 
 
 Tn is the temperature at a given time (in min). 
 
 A more accurate and widely used approximation is given by Simpson's Rule: 
 

 
 where; 
 

 T0  is the initial temperature  (in  ° C); 
 
 Todd  } are the temperature  measurements  at alternate  
 Teven  } time increment  (in min ); 
 

 Tt  is the temperature  at t (i.e. at the end of the test ) (in ° C) 
 
 On both of these examples it is assumed that the temperatures used are sampled at 1 min 

intervals. If a wider time interval is used, for instance to calculate the area in the later stages 
of the test, it is important to note that the result has to be multiplied by the number of time 
units in the interval, and that all the intervals within a summation have to be of equal width. 

 
A.2.4 Pressure conditions 
 
 Generally, the distribution of pressure over the height of a vertical furnace is a function of the 

furnace design and is dominated by the natural buoyancy effect of the hot gases. In a simple 
closed box type design the pressure gradient will be approximately 8.5 Pa (0.85 mm of water-
gauge) per metre height of the furnace, and although control of the furnace damper allows the 
actual value of pressure to be changed, there is little that can be done to alter the gradient. 
The pressure experienced by an element in a real fire will depend upon its height relative to 
the normal floor level. 

 
 If for example, a panel of glazing is normally installed in a wall such that the head of the panel 

is 2.8 m above floor level, then it would be anticipated that the top of the element would be 
subjected to an overpressure of 15.3 Pa, assuming that the neutral pressure axis exists 
approximately 1 m above floor level. A specimen of such an element should therefore be 
installed in the vertical face of a furnace such that a positive pressure of 18 Pa exists at the 
head of the element. 

 
 This would not necessarily coincide with a height of 2.8 m above furnace floor level but it 

would coincide with a height of 1.8 m above the furnace neutral pressure axis subject to 20 
Pa maximum limit. 

 
 The overpressure requirements have been extended to apply to non-separating elements on 

the basis that gas circulation within a hollow box type protection system and other specimens 
which incorporate air spaces may be affected by this condition. 

 
 
 

 )T + T4 + T2 + T1/3( = A tevenodd0t,0 ΣΣ  
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A.2.5 Ambient conditions 
 
A.2.5.1 It is important that reasonable equilibrium is established between the surface temperatures of 

the specimen and the ambient temperature of the laboratory, and that there is no significant 
change in the surrounding ambient conditions which might affect the heat loss from the 
unexposed face of a specimen. 

 
A.2.5.2 The standard requires that the sensing element be protected from localized environmental 

effects. Two concentric lengths of plastics pipe provide adequate screening of the sensing 
element, nominally 100 mm and 150 mm in diameter. 

 
A.2.6 Oxygen content 
 
 No requirement has been placed on the oxygen concentration within the furnace during the 

test, but it is acknowledged that this could be an important factor on the performance of 
combustible specimens and is known to be a significant factor in the cotton wool pad test for 
integrity. Whilst nothing is specified, it is recommended that laboratories should investigate 
the measurement of oxygen concentrations during a test and should ensure that these are 
maintained at between 5 % and 10 %. 

 
A.2.7 Acceptability of the test 
 
 When the accuracy of control of the furnace temperature, pressure conditions and ambient 

conditions in the laboratory require an assessment of acceptability (see 3.4) the conduct of 
the test and conditions pertaining during the test may be such that the test result is 
acceptable to both the laboratory and test sponsor. If this is the case the basis of such a 
decision should be reported in the test report. 

 
 

A3. Specimen construction and preparation 
 
A.3.1 Design of specimen 
 
 The design of the test specimen is of paramount importance if the fire resistance rating of the 

specimen is to be widely applicable. An analysis of almost any element will reveal features 
that are more critical to the fire performance than the other features. Joints between individual 
components making up an element are an obvious weakness in the fire behaviour. Such 
joints may be designed into the element in order to facilitate such functions as expansion 
movements, whereas other joints may only occur in protective claddings and linings that are 
manufactured from sheet materials smaller than the structure to be protected.  

 
A.3.2 Construction of specimen 
 
 All aspects of the construction of the element should be considered in the construction of a 

specimen. For example the number of fixings used in securing components and/or materials 
should be identical in both the specimen and the element and where the method of making 
such fixings is likely to influence the behaviour, e.g. the use of power tools against hand tools, 
normal site techniques should be used during the construction of the specimen. Where 
operations are performed that are covered by recommendations given in codes of practice, 
these should be used in the construction of the specimen. 
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 When a specimen is built under laboratory conditions, access is often easier than it is during 

the construction of a building. This is particularly true in the fitting of protective claddings or 
linings to the fixed structure of a building. During the construction of the specimen it may be 
possible to carry out certain fixing operations from the opposite side to that normally available 
on site. Advantage should no be taken of this abnormal situation and all operations should be 
carried out as they would be in practice. 

 
A.3.3 Materials used in the construction of the specimen 
 
 The quality of the materials used in the construction of a test specimen is obviously very 

important with respect to the fire resistance as determined by these methods. It is important 
therefore to know how the materials used in the construction of the test specimen relate to 
those used on site. Whilst it is important that the material is representative of that used on 
site, it is of greater importance to know how the material relates to the materials likely to be 
used in practice. The main properties of the materials should therefore be determined and the 
method used should be stated. The values should then be compared with those known for 
the materials in use and the relationship should be reported, i.e. whether the material 
properties represent the average values or the worst case situation,etc. 

 
 When the properties of a material have not been determined or when nominal properties 

(taken from appropriate codes or standards) are used, this should be clearly stated in the test 
report. 

 
A.3.4 Number of specimens 
 
 When performing a fire resistance test it is often possible to include more than one specimen 

in the furnace opening. This is particularly true in the case of fire resisting doors where the 
basic construction of a single-acting doorset is asymmetric. It is possible to evaluate two units 
simultaneously, one door opening towards the fire and one door opening out, thus satisfying 
the need to evaluate the construction with respect to fire exposure on either side by the 
performance of a single test. 

 
A.3.5 Size of specimen 
 
 The need to determine fire resistance with full sized specimens is dictated by the difficulties in 

reproducing in detail a functionally correct fire behaviour, in model scale, of a  separating 
element of building construction.  

 
 The protection of steel structures is equally difficult to model although in the case of 

unprotected steel work the use of model scale tests for a fire resistance investigation is 
comparatively favourable. The use of anything other than full sized elements and components 
is, however, not recommended. The sizes given for the various elements in this method are 
based upon the limitations imposed by the facilities currently available.  

 
 When elements are smaller than the minimum dimensions given in 4.5, the specimen should 

be mounted in a test construction which should be constructed such that it has a fire 
resistance at least as great as that anticipated from the specimen and should have thermally 
similar behaviour in terms of strength, restraint, conductivity or thermal inertia, if relevant, as 
the construction in which the element would normally be built. 
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A.3.6 Conditioning 
 
 The condition of the specimen should, at the time of the evaluation, be similar with respect to 

its state of strength and its moisture content as the element would be in normal service. When 
it is known that the element is going to be exposed to extreme conditions of temperature or 
humidity, it is unlikely that the testing authority will have the facilities to reproduce these 
conditions. 

 
 In such cases the specimen should be tested in a condition that is as close to those expected 

within the constraints imposed by the laboratory and the type of element.  
 
 The moisture content of any hygroscopic materials used in a construction has an influence 

when the specimen is exposed to fire conditions. High moisture contents can lead to the 
development of steam pockets which may cause delamination of board materials and spalling 
of concrete as well as producing unnaturally high moisture gradients, and hence distortions, 
in materials such as timber. Similarly, specimens with unrepresentatively low moisture 
contents can be affected by abnormal heat flow effects and in the case of jointed 
constructions there would be smaller shrinkage gaps than would be expected at higher 
moisture contents. 

 
 Under normal use conditions it would be anticipated that the moisture contents by mass of the 

common materials would be as follows and it is recommended that these moisture levels 
should exist in specimens being evaluated for internal use. 

 
        Moisture content (by mass)    
 
 Timber: all internal joinery application 15 % to 18 % 
  
 Whilst these recommendations apply to the materials in the construction of the test specimen, 

the condition of the materials used in the construction of any associated construction or 
furnace closure may also influence the fire behaviour and hence some control should be 
exercised with respect to these components. 

 
 

A4. Furnace design 
 
A.4.1 Variations in furnace design can account for a lack of reproducibility of fire resistance ratings 

between laboratories. This standard has introduced a control over the depth of the furnace 
chamber (based on current practice) and the fuels to be used in order to avoid propagating 
differences between furnaces  if any new furnaces are constructed. The radiated heat 
reaching the specimen is primarily received from the surface of the furnace chamber opposite 
the surface  of the specimen. The nature of this radiation is determined by the emissivity, the 
thermal conductivity and the specific heat of the materials used in the construction of this 
surface. 

 
 The radiation reaching the specimen from this surface is inversely proportional to the square 

of the distance travelled and is further modified by flames and particulate matter in the 
combustion chamber. Whilst at this time it is not possible to impose new constraints on the 
materials used in the construction of the existing furnaces, the restrictions on the depth of the  
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 chamber and the type of fuel used, and hence the combustion environment, which are within 

the specification of the existing furnaces will stop the building of furnaces that may reduce the 
reproducibility of the current test. Nevertheless, it is recommended that furnace linings, for a 
thickness of at least 50 mm, consist of low thermal inertia materials so that kpc (where k is 

thermal conductivity, p is density and c is the specific heat) at 500 °C is not greater than 500 
W.s

0.5
/(m².K). 

 
 Experience gained on oil fired furnace, mainly in Europe, has shown that the higher levels of 

radiation emitted from the burner flames have a significant effect on the fire resistance ratings 
obtained on radiation sensitive materials. For this reason, this standard has limited the fuel to 
the gaseous fuels, such as natural gas or liquid petroleum gases. 

 
A.4.2 The nature of the flame produced by a burner will depend on the richness of the mixture of 

fuel and oxygen at the burner. Where a mixture of fuel and air is fed to the burner, the flame 
produced is likely to be less dependent on the oxygen content of the gases inside the furnace 
than where the burner is fed with fuel only, but extreme changes in oxygen content can still 
have significant effects. The oxygen content of the furnace gases has been found to vary with 
the following: 

 
 a) the combustibility of the test specimen; 
 
 b) the level in vertical furnaces at which the oxygen content is measured; 
 
 c) the general level of pressure inside the furnace; 
 
 d) the amount of air entering the furnace by; 
 
  1) pumping in secondary air; 
  2) suction through openings in areas of negative pressure. 
 
A.4.3 While it may seem desirable in the interests of better control of furnace operating conditions 

to require that the oxygen content of the furnace gases be controlled within stated limits, this 
revision of the standard has not introduced such requirements because greater importance is 
attached to the control of temperature and pressure, and no practical means of independently 
controlling the oxygen content within narrow limits for all furnaces can yet be proposed. 

 
A.4.4 The static pressure difference between the inside and the outside of a vertical furnace 

operating under steady conditions has been found to vary linearly with height at a gradient of 
about 8.5 Pa (0.85 mm water-gauge) per 1 m of height, the upper part being at the higher 
relative pressure. The gradient does not change significantly with operating conditions but the 
pressure difference at a given height can vary by 20 Pa to 30 Pa (2 mm to 3 mm water-
gauge). The pressure inside the furnace at a given level can be increased by: 

 
 a) restricting the area of the flue, e.g. by closing a damper; 
 
 b) reducing the temperature of the gases in the flue, e.g. by diluting them with cold air; 
 
 c) decreasing the amount of ventilation at the bottom of the furnace; 
 
 d) pumping 'secondary' air into the furnace. 
 
 Varying the relative amounts of fuel burnt at different levels can also affect the pressure 

difference at a given level, but the pressure gradient is not affected to any significant extent. 
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A.5 Instrumentation and ancillary equipment 
 
A.5.1 Ambient temperature measurements 
 
 Some guidance on the equipment to be used is given in A2.5.2. 
 
A.5.2 Thermocouples 
 
A.5.2.1 Bare-wire thermocouple measuring junctions are vulnerable to damage and deterioration. 

Before every test, they should be cleaned, inspected for adequate separation of the wires and 
checked for proper operation. Because of the deterioration it is recommended that the 
thermocouples be discarded or recalibrated after being subject to heating in the furnace for a 
period of not greater than 6 h. 

 
A.5.2.2 Sheathed thermocouple measuring junctions are subjected to much less risk of deterioration 

but should be cleaned and checked for proper operation before each evaluation. It is 
recommended that such thermocouples should be recalibrated after an exposure period of 
between 20 h and 25 h or as may be deemed necessary by the supplier. 

 
A.5.2.3 Support to the furnace thermocouples should not penetrate or be attached to the specimen 

unless the specific requirements for the position of the measuring junction cannot otherwise 
be ensured. If the support for the measuring junction has penetrated or been attached to the 
specimen, it should be arranged so as to have minimal effect on the behaviour of the 
specimen in relation to the relevant failure criteria or the supplementary information being 
determined. 

 
A.5.2.4 When measuring temperature by means of thermocouples, significant errors can occur if care 

is not taken to limit differences in temperature between the individual connections positioned 
between the thermocouple leads and compensating leads via sleeve connectors, all of 
difference materials. It is therefore important to ensure that either all electrical conductors in 
each lead from the junction to the recording instrument are of nominally the same material, or 
there is no significant difference in the temperatures of any of the connections between 
conductors in both leads to the recorder. The risk of error is probably less for the 
measurement of furnace temperature than for the measurement of specimen temperatures 
where connections between thermocouple junction leads and compensating leads may rise in 
temperature to different extents because of their proximity to a heated specimen. 
Nevertheless, simple precautions, such as providing thermally insulating sleeves over all 
electrical connections on all thermocouple leads, should be adopted as good practice. 

 
A.5.2.5 Where information is required about the temperatures reached by individual components or 

parts of a specimen within its construction, thermocouples should be chosen of the 
appropriate type and design to suit the type of measurement to be made, e.g. air 
temperature, material temperature or surface temperature. The thermocouple wires should be 
suitably insulated to ensure that the wires to the hot junction are not short-circuited by any 
aspect of the specimen construction or by the conditions experienced during the heating 
conditions of the test. 

 
 The wires from the junction should be taken along an isotherm for a distance of at least 50 

mm and then to the outside of the specimen in such a way that they do not experience 
temperatures higher than the hot junction. There should be no joint or junction made in the 
wires until they emerge from the specimen. 
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A.5.3 Pressure head 
 
A.5.3.1 Because of the turbulence of the gases inside a furnace, a sensitive pressure measuring 

system could record rapid fluctuations in pressure (with cycles of 1 s or less) often well in 
excess of the specified tolerance variation in pressure. These variations would tend to mask 
the longer-term trends in pressure change which are of greater importance to the test, and 
thus need to be damped by restricting the tube connecting the sensing head to the micro-
manometer or by electrical damping within the measuring or recording circuits. 

 
A.5.3.2 The equipment specified for measuring pressure difference is vary sensitive to Pitot effect, i.e. 

an increase in recorded pressure resulting from air travelling towards the open end of a tube 
connected to the pressure-sensing side of the measuring device and the reverse effect on the 
static side. Whilst the effect can be reduced considerably by having a short length of tube 
forming a T junction at the end of the tube connected to the micro-manometer, the pressure 
recorded is still dependent on the direction of the air flow in relation to a T-piece sensing 
head. The recommended sensing head effectively reduces the velocity of air at the entrance 
to the tube irrespective of the direction of travel of the turbulent gases in the furnace. 

 
A.5.3.3 The pressure difference recorded by the micro-manometer is dependent on the pressure 

developed at the static side of the instrument as well as the pressure-sensing side; the point 
in the system at which the static side is exposed to the laboratory atmosphere should 
therefore also be protected against draughts. The use of the pressure head detailed in figure 
8 in recommended for both the sensing head and the static side of the instrument. 

 
A.5.3.4 The accuracy of the measured pressure difference will be seriously affected by any 

condensed water that blocks the tube between the sensing head and the micro-manometer 
(particularly in vertical sections). It is therefore recommended that a trap to remove 
condensed water should be fitted in the tube close to the exit from the furnace. The accuracy 
can also be affected by significant lengths of vertical tube containing gases at temperatures 
other than ambient. It is important, therefore, that the tube should not travel vertically until the 
gases inside will be at a temperature close to ambient. 

 
 If the tube connected to a pressure-sensing head inside the positive pressure zone of an 

operating furnace is open to the laboratory atmosphere at a point near to the micro-
manometer, even for a brief time, the tube may well become  partly filled with hot gases, 
which have a lower density than if they were at ambient temperature, and as a result, a lower 
pressure will be measured. The measured pressure will remain low until the gases have 
cooled again to ambient temperature. 

 
A.5.4 Balance and oven 
 
A.5.4.1 The balance should be of sufficient capacity to weigh samples of materials selected for 

monitoring the drying of the specimen, determination of moisture content and density and for 
weighing the cotton pad. It should have a resolution equivalent to 0.1 % of the total mass of 
the item being weighed or 0.1 g whichever is the greater. One or more balances may be 
provided as convenient to satisfy the requirements over the anticipated range of 
measurement. 

 
A.5.4.2 The oven should be ventilated, capable of accommodating the samples of materials selected 

for monitoring the drying of the specimen and for determination of moisture content and 

accommodating the cotton pad for drying.  It should be controllable within the range of ± 5 °C.  
One or more ovens may be provided for convenience. 
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A.6 Pretest analysis of the test construction 
 
A.6.1 Size of specimen and individual components 
 
A.6.1.1 The number of readings that are taken when determining the dimensions of the specimen, or 

its component parts, is dependent upon the known variability of the materials.  The accuracy 
at which the measurements are made depends upon how critical the component is in the 
overall fire performance.  In certain cases the dimension will not be of any consequence, e.g. 
the length of the lever handle on a fire resisting doorset, whereas in the case of an applied 
fire protective coating the thickness will probably be the most important feature of the 
construction. 

 
A.6.1.2 The use of measured values rather than nominal sizes cannot be overemphasized.  For  

non-loadbearing elements, a complete knowledge of the specimen or component sizes can 
be of assistance in making any subsequent assessments of the performance should they be 
required. 

 
A.6.2 Density of materials 
 
A.6.2.1 The density of the materials used in the test construction can significantly affect the thermal 

behaviour.  Both the thermal conductivity and the thermal inertia normally increase as a 
function of increase in density.  Both of these properties play an important role in the fire 
behaviour of the specimen. 

 
A.6.2.2 The density of a material is normally obtained by weighing samples of known volume.  The 

moisture content of hygroscopic materials will affect such readings and it is therefore 
important to determine the moisture content and record the density at that moisture content.  
For relatively homogeneous materials it is normally sufficient to take offcuts of the materials 
used in the construction for sampling purposes but for less homogeneous materials care has 
to be taken in the selection of these offcuts to ensure that they are fully representative.  For 
constructions that are cast, e.g. concrete, special samples will need to be produced.  
Samples should be taken at various stages during the casting process in order to obtain an 
average density. 

 
A.6.2.3 Similarly, applied coatings require special samples to be produced.  A sample should be 

prepared by coating a smaller section of similar base material, which has previously been 
weighed, in the same manner and plane as that used during the construction of the specimen 
and at the same time as the coating is being applied to the specimen. 

 
A.6.2.4 In the case of a construction that is received by the laboratory in a finished condition it may 

not be possible to take a sample without damaging it.  This is particularly true of fully 
encapsulated materials that are consumed during the test.  When no reliable samples of such 
materials are available, it should be recorded that the densities were not determined. 

 
 When a material complies with a Malaysian Standard or an international standard that 

adequately specifies the density this can be quoted in lieu of taking measurements. 
 
A.6.3 Moisture content 
 
A.6.3.1 Direct reading moisture meters are a convenient method of determining the moisture content 

of finished specimens.  The use of such meters is, however, subject to limitations in use.  
When meters are used for determining the moisture content of reinforced concrete, the steel 
reinforcement can easily cause errors in measurement due to the conductivity of the steel. 
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A.6.3.2 Similarly, composite timber materials such as plywood and glue laminated constructions will 

cause errors due to the conductivity of the glue lines.  Whilst moisture meters are available for 
several materials they may not always determine the moisture content with sufficient 
accuracy.  The use of meters should therefore be limited to those that have demonstrated a 
satisfactory correlation with oven drying techniques and even the use of these should be 
limited to homogeneous materials without composite construction.  Where moisture meters 
are thought to be unsuitable, use should be made of oven drying techniques. 

 
A.6.3.3 When using oven drying techniques the mean moisture content should be determined.  In 

thick samples this will involve the removal of a core sample which extends from the surface to 
a point at mid-thickness.  This sample should be weighed, and then dried in an oven 

operating at a temperature of 105 ± 5 °C (except for gypsum based products which should be 

dried at a temperature of 50 ± 5 °C) until an equilibrium mass is reached.  From the difference 
between two masses the moisture content can be calculated. 

 
 

A.7 Setting-up procedure 
 
A.7.1 Unexposed face temperature measurement 
 
A.7.1.1 In order to evaluate a test construction with respect to compliance with the maximum 

unexposed face temperature, fixed thermocouples should be applied to the unexposed face 
of the construction in the same manner as those that are applied for evaluating compliance 
with the mean unexposed face temperature.  These thermocouples should be attached to any 
feature that is likely to exhibit a more rapid temperature rise than the rest of the specimen. 

 
 When, during a test, other unpredicted areas or features start to exhibit local temperature 

increases greater than those shown on the remainder of the specimen, the roving 
thermocouple should be used for determining compliance with the criterion of maximum 
unexposed face temperature. 

 
A.7.1.2 Where it is necessary to use adhesives to attach the unexposed face thermocouples via the 

insulating pads, the choice of adhesive is important.  For consistency of readings the 
insulating pad should be in an oven dry condition at the start of a test.  When an adhesive is 
used that requires long curing times, it is not possible to maintain the dryness and the 
adhesive itself is likely to introduce a certain amount of moisture.  The adhesive used 
therefore should contain as little water as possible and should cure as rapidly as is consistent 
with the state of curing required.  The use of locally applied warm air may help to dry the pad 
and cure the adhesive. 

 
A.7.1.3 Where thermocouples are to be attached to irregular surfaces, a smooth surface not greater 

than 100 mm x 100 mm should be made to provide an area adequate for adhesive bonding 
by smoothing the existing surface with a suitable abrasive paper.  The material removed 
should be the minimum to provide an adequate bonding surface.  Where the surface cannot 
be smoothed, a minimum quantity of fillings should be used to provide a suitable surface.  
The filling should comprise a proprietary brand of ceramic cement and when the filled surface 
is dry, it should be smoothed, if necessary, with abrasive paper. 

 
A.7.2 Internal temperature measurement 
 

 If the internal temperatures being measured are not likely to exceed 400 °C, 
copper/constantan measuring junctions may be used; if higher temperatures are expected, 
chromel/alumel junctions should be used.  Such thermocouples are more easily installed 
during the construction of the test specimen rather than during setting-up. 
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 Appropriate methods should be adopted for fixing the measuring junctions securely to the 

components or the construction so that the thermal behaviour is not greatly disturbed.  For 
example, a junction can be peened to a heavy metal section by drilling a hole in the section 
only slightly larger in diameter than the thermocouple junction and deep enough to 
accommodate the junction below the surface.  Insert the junction into the hole and burr over 
the edge of the hole with a punch to retain the wires in position.  For light metal sections, the 
measuring junction can be made leaving a 'tail' of twisted thermocouple wires beyond the 
junction, which can be attached to the section under the head of a small bolt or rivet.  A 
similar junction can be attached to small metal components, such as screws or wires, by 
wrapping the tail around the component.  In these applications the first contact between the 
pair of thermocouple wires has to be close to the surface whose temperature is being 
measured.  The thermal contact can be improved by applying a little solder, which will remain 
effective even at temperatures above its melting point. 

 
 The thermal contact can be made by inserting the junction and the insulated leads into a hole 

with a suitable material of similar properties.  Junctions and their leads may also be cast into 
materials such as concrete. 

 
 Protect the thermocouple wires against the following: 
 
 (a) excessive temperature rise; 
 
 (b) condensation; 
 
 (c) damage during further construction of the specimen; 
 
 (d) damage resulting from deformation of the specimen during test. 
 
 Take care to ensure that the protection does not significantly affect the behaviour of the 

specimen during the test, and all holes used for egress of the wires are suitably sealed 
against the flow of hot gases. 

 
 

A.8 Test procedure 
 
A.8.1 Integrity failure 
 
 The collapse of any part of an element will cause failure of integrity by means of a gross 

failure with respect to imperviousness and should be evaluated by means of the cotton pad 
test or the gap criterion.  Where the whole of the specimen falls from the frame, leaving no 
part of the specimen to be evaluated with respect to imperviousness, then this is deemed to 
be an integrity loss. 

 
A.8.2 Cotton pad test 
 
 A cotton pad placed in a stream of hot gases issuing from an opening in a specimen may fail 

to ignite because of a lack of oxygen in the emitted gases when it would normally do so 
should sufficient oxygen be present.  As the oxygen content of the furnace gases has not 
been specified (see A2.6), the ability of the cotton pad to ignite may depend on the possibility 
of air from outside the furnace mixing with the hot gases issuing from within. 

 
 The operator should therefore use his/her experience to move the pad within reasonable 

limits so that the pad is subject to a mixture of hot gases and cold air which would not inhibit 
the ignition. 
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A.8.3 Observations 
 
A.8.3.1 In non-loadbearing constructions the deformation can be of almost as much value in 

subsequent assessment work even though there is no criterion imposed upon the 
performance of the specimen.  A knowledge of the deformation characteristics can assist a 
system designer to choose associated components.  Of particular value are records of the 
distortion of a fire resisting door within its frame or the maximum distortion observed on a 
non-loadbearing partition.  In the case of the door such a knowledge can be used in 
assessing changes in the sealing specification and in the latter the measured distortion can 
assist in the choice of a glazing system of a door assembly that is to be used in conjunction 
with the partition.  The data can also be of assistance in the assessment of oversize door 
assemblies. 

 
A.8.3.2 For non-loadbearing specimens, the lateral deflection can be of value to the designer when 

considering the overall fire behaviour.  This is particularly relevant in the case of fire resisting 
doorsets as the lateral deflections can often dictate the choice of door furniture or edge 
sealing system. 

 
A.8.4 Radiation 
 
 The recording of the irradiance at a certain distance from the unexposed face of the specimen 

can be of value when calculating safe storage distances for goods and materials.  For 
example, from the measurement of irradiance at a known distance from a radiator of known 
shape and size, the irradiances at other distances, or the distances required for any given 
irradiance, may be calculated.  The use of these irradiances is, however, a matter for the 
specialists as there is little guidance in existing fire codes as to limiting irradiances applicable 
to the storage of goods.  Care should also be taken as to how the values are presented.  If a 
radiometer is placed in front of a solid, non-translucent specimen, the measured irradiance is 
a function of the temperature and the emissivity of the specimen under test.  When the meter 
is placed in front of a translucent element, the measured irradiance is dependent upon the 
radiation characteristics of the flame and the emissivity of the furnace walls, the latter of which 
is modified by the absorption and emissivity characteristics of the translucent membrane.  
Until the thermal characteristics of all furnaces are standardized, it is unlikely that similar 
irradiances will be measured for identical specimens in different laboratories.  The use of 
irradiance measurements, taken in conjunction with translucent specimens, should therefore 
be used with discretion. 

 
A.8.5 Termination of test 
 
A.8.5.1 The heating period for a construction is often governed by the regulatory requirements of the 

element evaluated.  The aims of a test have often been met once the duration of exposure 
has reached the level required by the regulation governing the elements use.  It is 
permissible, therefore, to terminate the heating, and hence the test, at this stage, even if the 
element has not failed any of the relevant criteria.  There are advantages, however, in 
extending the period of exposure for experimental use.  Subsequent assessment of the 
performance can be aided by a greater knowledge of the mode of collapse, the ultimate 
duration of the specimen or even just a study of the thermal behaviour beyond that required.  
In order to provide further knowledge with respect to the first two parameters, the test would 
be extended under full load; however, for studying the thermal behaviour it may be necessary 
to remove or reduce the test loading in order to extend the test duration.  The test is 
terminated for certification purposes at the time at which the load is reduced. 
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A.8.5.2 If an element is made from a material that is combustible or otherwise degraded by heat, 

assessments of the amount of material consumed during the test should be made by 
measurements of the remaining good material in the specimen after the test. 

 
 

A.9 Expression of results 
 
 An example of the method of expressing the results of the test is given below: 
 
 integrity    104 min 
 insulation    63 min 
 
 A 59.49 minutes shall be read as 59 minutes whilst 59.50 shall be read as 60 minutes. 
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 APPENDIX B 
 
 Operating instructions, specimen preparation and observations 
 
         

B.1 Control instrumentation 
 
B.1.1 Ambient temperature thermometer 
 
 This thermometer shall be a mercury-in-glass thermometer, or a thermocouple with a similar 

hot-junction detail to that specified for the furnace thermocouples (see 6.2.2.2) to indicate the 
ambient temperature within the laboratory both prior to and during the test period (see 3.3). 
The bulb of the thermometer or the hot junction of the thermocouple shall be protected from 
the influence of radiated heat and draughts by suitable screening. 

 
 NOTE. A recommended method is described in A2.5.2. 

 
 The ambient temperature thermometer shall be capable of indicating temperatures to within 1 

°C and be accurate to within ± 0.5 °C. 
 
B.1.2 Furnace thermocouples 
 
 The furnace thermocouples shall have measuring junctions that consist of either (a) or (b). 
 
 (a) Bare nickel chromium/nickel aluminium wires (see BS 4937 : Part 4), 0.75 mm to 1.50 

mm in diameter, 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 (see figure 7).  Such thermocouples shall be replaced after 6 h 
exposure or be recalibrated after every 6 h of use. 

 
 (b) Nickel chromium/nickel aluminium wire contained within 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 project 25 mm from a 
porcelain insulator.  The assembly shall have a response time on cooling in air of not 
greater than 30 s. 

 
 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 test should any deflection or distortion of the test specimen take place. 

 
 The number of thermocouples shall be as required by 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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B.1.3 Pressure sensing probe 
 
 The pressure sensing probe shall be capable of measuring the true static pressure head at a 

given height within the furnace.  It shall consist of a heat resistant steel pipe having an 
internal diameter of between 5 mm and 10 mm which passes from inside the furnace to 
outside the furnace in a substantially horizontal orientation and such that the level at which it 
exits from the furnace does not differ by more than 25 mm vertically from the level of the 
sensing head of the probe in the furnace.  The open end of the tube inside the furnace shall 
be provided with a suitable device to ensure that the measured pressure is not influenced by 
dynamic head effects (see A5.3). 

 
 NOTE.  A suitable design of pressure sensing probe is shown in figure 6.  Alternative designs may be used, provided 

that their performance has been verified as being equivalent to the device shown in figure 6. 

 
 The pressure sensing probe shall be connected to a pressure indicator (see B.2.2.3) via 

leaktight tubing with a condensation trap that shall preferably be positioned adjacent to the 
outside of the furnace. 

 
 

B.2 Recording and ancillary  equipment 
 
B.2.1 General 
 
 This subclause specifies the requirements for recording equipment to be used with various 

items of the control and monitoring instrumentation as it is considered that careful description 
of the item is necessary.  Also included are details of ancillary equipment that are required for 
incidental measurements required by the standard. 

 
B.2.2 Indicating and recording equipment 
 
B.2.2.1 General.  
 
 It is recognized that the outputs from the various instruments may be measured on a single 

multichannel data logging system rather than supplying separate recording equipment for 
each type of instrument or groups of instruments.  Nevertheless, the requirements given in 
B.2.2.2 to B.2.2.6 are the minimum that shall be satisfied for recording the output of each 
transducer instrument. 

 
B.2.2.2 Furnace temperature and specimen internal temperature indicators.  
 
 The temperature indicator shall be capable of measuring the output from a furnace and/or 

specimen thermocouple with an accuracy not less than 1 % of indicated reading or ± 1 °C or 

the millivolt equivalent, whichever is the greater, over a temperature range of 0 °C to 1250 °C.  
It shall be capable of assimilating the incoming data and producing a permanent record of the 
temperature of each thermocouple at intervals of not greater than 60 s. It shall be provided 
with its own cold junction reference and compensation device. 

 
B.2.2.3 Furnace pressure indicator.   
 
 The furnace pressure shall be measured using a precision inclined manometer or a pressure 

transducer.  It shall be capable of indicating pressure differences of up to 25 Pa, both 
negative and positive.  It shall have a resolution of 0.5 Pa or better.  The indicator, together 
with the pressure sensing probe and interconnecting tubing, shall respond to a change of 
pressure of 10 Pa and achieve an equilibrium value in less than 10 s. 
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B.2.2.4 Fixed surface temperature indicator. 
 
 The temperature indicator shall be capable of measuring the output of the specimen surface 

thermocouples with an accuracy not less than 1 % of the indicated reading or ± 1 °C or the 

millivolt equivalent, whichever is the greater, over a temperature range of 0°C to 400 °C.  It 
shall be capable of assimilating the incoming data and producing a permanent record of the 
temperature of each thermocouple at intervals of not greater than 60 s. It shall be provided 
with its own cold junction reference and compensation device. 

 
B.2.2.5 Roving surface temperature device.  
 
 The display from the instrument shall be visible to the operator during use of the roving 

thermocouple.  It shall be capable of measuring the output from the roving specimen surface 

thermocouple with an accuracy not less than 1 % of the indicated reading or ± 1°C or the 

millivolt equivalent, whichever is the greater, over a temperature range of 0 °C to 400 °C. 
 
B.2.2.6  Irradiance indicator.  
 
 The instrument shall be a millivolt measuring device with a range compatible with the 

maximum output from the radiometer.  It shall have a range sensitivity and accuracy that 
enables the irradiance measured by the radiometer to be resolved to 0.5 2kW/m².  It should 
not be provided with any cold junction reference or compensation device. 

 
B.2.3 Ancillary equipment 
 
 Timing devices, with an accuracy of 1 s/h and capable of running throughout the test period, 

suitable weighing equipment and drying ovens (see A.5.4) are required. 
 
 

B.3 Examination of specimen 
 
B.3.1 Make a detailed examination of the test specimen comparing the constructional details 

against the specification provided by the sponsor.  When it is not possible to verify aspects of 
the sponsors specification, state this in the test report. 

 
B.3.2 Measure dimensions using equipment with an accuracy consistent with the measurement 

being made.  Where appropriate, make these measurements in accordance with the relevant 
specification (see A.6.1). 

 
B.3.3 Where the density of a material (see A.6.2), component or applied finish is likely to influence 

the fire resistance of the specimen, determine the density of that material in accordance with 
the appropriate Malaysian Standard. 

 
 Where no relevant Malaysian Standard exists, determine the density by weighing samples of 

known volume taken from materials used in the construction of the specimen.  When 
evaluating factory made specimens that incorporate fully encapsulated materials which 
cannot be sampled without detriment to the specimen, determine the density on samples 
supplied by the manufacturer of the test specimen and in the report identify such 
measurements as having been determined in this way.  When no reliably related samples of 
materials exist, state in the report that the density has not been checked. 

 
 When the density has been determined, state the appropriate value and the method by which 

it was determined in the test report. 
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 For hygroscopic materials relate the density to the moisture content as measured. 
 
B.3.4 As part of the specimen analysis determine the moisture content of all hygroscopic materials 

when possible (see A.6.3). 
 
 NOTE.  Direct reading moisture meters are available for some materials and these may be used for this purpose 

providing that a satisfactory correlation with oven drying techniques has been established.  When no such correlation 
exists, or for materials for which no such equipment is available, the moisture content should be measured using oven 
drying methods on representative samples of material. 

 
 Give careful consideration to the positions from which samples are taken in order to ensure 

that the fire resistance of the specimen is not adversely affected.  When this is unavoidable, 
repair the specimen using material with similar fire properties fixed in such a manner that the 
fire resistance of the specimen is not impaired.  In certain cases, e.g. composite or 
encapsulated materials, it may not be possible to make such measurements without impairing 
the behaviour of the specimen and in such cases report that the moisture contents have not 
been determined. 

 
 Report the values obtained for moisture contents and the method used for determining them. 
 
 

B.4 Preparation of specimen 
 
B.4.1 Fixing the monitoring thermocouples 
 
B.4.1.1 General.  
 
 For the purposes of determining temperatures on the unexposed surface and inside, if 

appropriate, of the test construction during the heating period, affix thermocouples as 
specified in clause 6. 

 
 Allow sufficient time for any adhesive that is used for attaching the thermocouples to attain 

the required state of cure before testing (see A.7.1). 
 
B.4.1.2 Internal temperatures. 
 
 Where information is required about the temperatures reached by internal components or 

parts of a test construction within its construction, fix thermocouple measuring junctions at the 
required positions within the specimen (see A.5.2.5 and A.7.2). 

 
B.4.1.3 Temperatures at predetermined positions on the unexposed face. 
 
B.4.1.3.1 General.  
 
 Where a specimen of a separating element is to be evaluated for its insulating properties, fix 

the surface temperature thermocouple to the unexposed face as described in B.1.2, at 
positions appropriate to the type of element and as specified in BS 476 : Parts 21 to 23 (see 
A.7.1). Ensure that the copper disc is held in intimate contact with the surface of the 
specimen by fixing or holding the insulating pad to the surrounding surface (see A.7.1.2). 
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B.4.1.3.2 Flat surfaces.  
 
 Mount the measuring junction on flat surfaces so that the whole of the surface of the copper 

disc is in intimate contact with the unexposed surface of the specimen.  Fix the insulating pad 
to the surface of the specimen either by the use of a heat-resisting adhesive or by some 
mechanical means fixed through the area outside that covering the copper disc.  Ensure that 
no adhesive gets between the disc and the surface of the specimen and that any mechanical 
device has an insignificant effect on the transmission of heat through the specimen to the 
copper disc. 

 
 On certain horizontal separating elements, especially those with exposed insulation, this may 

not be suitable due to the fibrous or resilient nature of the materials in such situations.  In 
these situations use the thermocouple weights shown in figure 8 by placing the lower ends of 
the four legs symmetrically on top of the pad in such a manner that air is free to circulate over 
the upper surface. 

 
 NOTE.  Textured surfaces require special consideration (see  A.7.1.3). 

 
B.4.1.3.3 Small features.  
 
 When it is required to apply a measuring junction to a small feature, do not apply the junction 

to a small feature with a diameter less than 12 mm.  Where the temperature of small features 
is to be measured, attach the thermocouple only where the small feature diameter is greater 
than 1 2 mm in diameter.  If necessary, distort or cut the insulating pad but without affecting 
the part immediately over the disc.  Hold the disc in contact with the feature by the method 
described in B.4.1.3.2. 

 
B.4.1.3.4 Positions of measuring junctions.  
 
 Position the measuring junctions so that they are not over or immediately adjacent to any 

feature that constitutes a potential failure with respect to integrity rather than insulation, i.e. 
where the measuring junction may be heated by the passage of hot gases from the furnace 
through the specimen.  Do not fix the junctions where they may be affected by any equipment 
used for applying the test loading to a loadbearing specimen.  This may require a 
re-positioning of the thermocouple from its normal position up to a maximum of 200 mm; if 
this is necessary, report the position and reason for its alteration. 

 
 

B.5 Installation of specimen 
 
 The test specimen prepared in accordance with clause 4 and following measurement of the 

properties of materials (see clause 7) and taking account of the thermocouple fixings (see 
B.4.1) shall be mounted together with any support system  as defined in BS 476 : Parts 21 to 
23, in its normal orientation either on top of, in front of, or within the appropriate furnace for 
the type of element being evaluated. 

 
 Care shall be taken to ensure that the test construction, and its support frame if used, is 

correctly and adequately fixed and is stable. 
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B.6 Installation of control thermocouples and temperature measuring 
devices 

 
B.6.1 Timing control thermocouple 
 
 The temperature data logging system shall be installed in the position appropriate to the 

specimen under test in accordance with 6.1.7. 
 
B.6.2 Furnace control thermocouples 
 
 The furnace temperature control thermocouples shall be positioned as described in B.1.2 in 

the positions specified in MS 1073 Part 2 as appropriate to the element under evaluation. 
 
B.6.3 Ambient temperature measuring devices 
 
B.6.3.1 General.  
 
 Where the thermometer or thermocouple systems used for determining the ambient 

temperature is not a permanent fixture in the laboratory, these shall be in accordance with 
B.6.3.2. 

 
B.6.3.2 Vertical separating elements. 
 
 When testing vertical separating elements, the sensing element of the temperature 

measuring device shall be located at a level approximately that of the mid-height of the test 
construction and at a position between 0.5 m and 1.5 m side a vertical edge of the test 
construction. 

 
 

B.7 Installation of other monitoring equipment 
 
B.7.1 Lateral deflection and other linear displacement measuring equipment 
 
 If applicable, any apparatus required for measuring deformations  shall be attached or 

positioned in the positions specified in MS 1073 Part 3 as appropriate to the element under 
evaluation. 

 
B.7.2 Irradiance measurement 
 
 When it is required to evaluate a specimen with respect to radiation from the unexposed face, 

the radiometer (see 6.2.2.5) shall be located at a distance such that its field of view 
circumscribes the specimen area. 

 
 NOTE.  If the radiating area is of a more complex shape, the length of the largest dimension of the radiating area 

should be used. 

 
 The distance of the receiving elements of the radiometer to the mean plane of the radiating 

surface shall be measured to an accuracy of ± 10 mm and this shall be reported. 
 
B.7.3 Interconnection of monitoring equipment.  
 
 Connect all thermocouple wires and other monitoring instruments to the appropriate recording 

equipment and check them for proper functioning. 
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B.8 Furnace heating 
 
 The heating of the furnace shall be commenced when the temperature indicated by one of 

the furnace control thermocouple (see 6.1.7) is 27 °C, take this as the nominal start of the 
test.  At this time, the timing device(s) (see clause 6 and B.2.3) shall be started and 
monitoring of all data commenced.  The mean furnace temperature shall be controlled, as 
indicated by the furnace thermocouples (see 6.1.5) positioned as specified for the type of 
component being evaluated (see MS 1073 Part 3), so that the requirements of 3.1 are met.  
Five minutes after starting the test, the pressure inside the furnace shall be controlled as 
specified in 3.2. 

 
 

B.9 Monitoring of criteria 
 
B.9.1 General 
 
 Throughout the heating period, the specimen shall be continually monitored for compliance 

with the relevant criteria for integrity and insulation and all times recorded as elapsed times to 
the nearest minute, from the start of the heating period, until the occurrence of the event 
being monitored. 

 
B.9.2 Integrity 
 
B.9.2.1 The test construction shall be monitored for the appearance of any sustained flaming on the 

unexposed face. 
 
B.9.2.2 The test construction shall be monitored for impermeability, by noting any gaps, cracks or 

fissures that are visible on the unexposed face of the specimen.  After the first 5 min of the 
heating period, all gaps, whether they were visible before the heating period or have 
developed during heating, shall be subjected to periodic evaluation by the cotton pad as 
specified in 6.2.2.3 to determine whether the cotton pad flames on application or is observed 
to glow.  The pad shall be used by placing the frame in which it is carried against the surface 
of the specimen, for a period of not less than 10 s and not longer than 15 s, over or near any 
opening. 

 
 Wherever possible, the whole of the base of the frame shall be kept in contact with the 

unexposed face of the specimen throughout this period. 
 
 NOTE 1. Some small positional adjustment may be made, parallel to the surface, in order to obtain the maximum 

effect from any hot gases.  Where irregularities in the surface of the specimen near the opening prevent the whole of 
the base of the frame from being in contact, place the pad so that as much of the frame as possible is in contact with 
the specimen (see A.8.2). 

 
 In the event of the pad failing to ignite or glow, the test shall be repeated using a new pad in 

the frame at a frequency determined by the condition of the element.  When gaps occur on 
the unexposed face of vertical separating elements at positions on or below the neutral 
pressure axis, the gap gauges specified in 6.2.2.4 for evaluating the integrity shall be used. 

 
 The size of the gap, hole or fissure shall be measured at intervals determined by the condition 

of the construction, by using without excessive force the gauges specified.  The gauges shall 
be tried in turn in any hole to determine whether the 25 mm diameter gauge can penetrate 
the gap to its full length or the 6 mm diameter gauge can be moved in any one opening for a 
distance of 150 mm. 
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 NOTE 2. The 6 mm gauge should be applied to any hole through which hot gases can pass.  The hole should be part 

of a continuous passage through the specimen. 
 
 When using the 6 mm diameter gauge, any small interruption to the passage of the gauge 

that would cause an insignificant reduction to the transmission of the hot gases through the 
opening shall be ignored, e.g. small fastenings across a construction joint that has opened up 
due to distortion. 

 
 The time at which the opening exceeds the criteria given in 10.2.2 shall be recorded. 
 
 The use of the cotton pad shall be discontinued when the unexposed face of the construction 

indicates a temperature of 300 ° C in the vicinity of the gap being evaluated.  This 
temperature shall be measured by placing the centre of the roving thermocouple, specified in  
6.2.2.2, at a distance of between 30 mm and 70 mm to the side of, or below the gap, or by the 
nearest unexposed face fixed thermocouple if one is positioned within 30 mm to 70 mm of the 
gap.    

 
 After the use of the cotton pad has been discontinued, the integrity of the test construction 

shall he determined at such gaps by means of the gap gauges used above. 
 
B.9.4 Insulation 
 
 The temperature measured by the fixed unexposed face thermocouples as specified in 

B.2.2.4 shall be monitored for compliance with the criteria given in 10.3 (see A.7.1) for both 
the mean and the maximum unexposed face temperatures.  The unexposed face shall be 
monitored for compliance with the criterion for maximum unexposed face temperature as 
defined in 10.3 using the roving thermocouple (see 6.2.2.2). This roving thermocouple shall 
be used to determine the temperature of hot spots that develop during a test.  Unlike the fixed 
thermocouples, the roving thermocouple shall be applied to any surface on which it can be 
placed, whether 12 mm in diameter or not, subject to the limits given in 10.3. 

 
 The temperatures recorded by the roving thermocouple shall not be used in the calculation of 

the mean unexposed face temperature, unless failure or detachment of one of the specified 
mean unexposed thermocouples requires data from that position to be supplemented by 
information from the roving thermocouple. 

 
 

B.10 Observations 
 
B.10.1 Whilst not being a criterion of failure for nonloadbearing constructions, any significant 

deflections of the test specimen (see A.8.3) shall be monitored and recorded. 
 
B.10.2 The unexposed face of the construction shall be monitored by means of the radiometer 

specified in 6.2.2.5 (see A.8.4). The radiometer shall be supported with the receiver parallel to 
the unexposed surface of the test construction, on a line perpendicular to the surface at the 
centre of the area of the part of the construction from which the radiation is to be measured. 

 
 NOTE 1. Irradiance from the surface of a test construction is a characteristic of the performance for which no criterion 

exists.  There is, however, a need in the case of separating elements that have poor insulating characteristics to 
determine the amount of heat being radiated from the whole or part of the specimen being evaluated. 
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 If the radiometer receives radiation from warm or hot surfaces other than that part of the 

construction from which the radiation is to be measured, a screen of polished aluminium large 
enough to screen the receiver from the extraneous radiation and with an aperture 
geometrically similar to that part of the test construction from which the radiation is to be 
measured, shall be interposed between the radiometer and the specimen. 

 
 The screen shall be positioned in front of the receiver and parallel to the specimen so as to 

exclude as much extraneous radiation as possible but without obstructing the passage of 
radiation between the part of the test construction being evaluated and the receiver. 

 
 NOTE. A distance of 200 mm from the plane of the screen to the receiver would be suitable for the receiver specified 

in 6.2.2.5. 

 
 Additional screening may be required if the radiometer can receive radiation from other 

sources by reflection from the screen. 
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 APPENDIX C 
 
 Hydrocarbon curve 
 
 
 
While the heating regime described in clause 3 is the fire exposure condition required by this standard 
and generally employed for building uses it is recognized that it may be inappropriate for certain special 
risk requirements.  Such exposure environment will, more appropriately, be provided for in other 
standards which cover fire resistance tests of other than building constructions. 
 
An example of one heating regime where the exposure is considered to equate with a large hydrocarbon 
fire which has recently been proposed in ISO/DIS 834 is as follows: 
 
 T = 1100 [1- 0.325 exp (-0.1667 t) 
     - 0.204 exp (-1.417  t) 
     - 0.471 exp (-15.833 t)] 
   
where; 
 

 T is the temperature increase (in °C) 
 t is the time at which temperature increase has occurred (in min). 
 
It has to be recognized that, as well as varying the heating regime, detailed attention needs to be given 
to other test parameters and certain procedural details will also require alterations.  
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 Fig 1.  Standard temperature/time curve 
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 Fig 2.  Specimen surface thermocouple junction and insulating pad 
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 Fig  3.  Roving thermocouple measuring junction  
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 Fig 4.  Typical frame for supporting the cotton pad 
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 Fig 5.  Steel gauges for determining imperviousness 
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 Fig 6.  Pressure sensing head  
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Fig 7.  Furnace thermocouple assembly 
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Fig 8.  Thermocouple weight for resilient material 
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