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British Standard

Fire tests on building materials and structures

Part 24. Method for determination of the fire resistance of ventilation ducts

0 introduction

This International Standard has been prepared because a fire
resistance test for ventilation ducts has become necessary In
order to permit evaiuation of ducts designed to prevent fire
spread across fire barriers in the absence of fire dampers. It
should be read in conjunction with 1SO 834,

The annex provides explanatory notes which give impml"tant
background information, but it does not constitute a man-
datory part of this International Standard. |

SAFETY WARNING — So that suitable precautions p’nav
be taken to safeguard health, the attention of all con-
cerned in fire tests is drawn to the possibility that toxic or
harmful gases may be evolved during the combustion of
test specimens.

1 Scope and field of application

1.1 This International Standard specifies a method of test
and cntena for the determination of the fire resistance of ver-
tical and horizontal ventilation ducts under standardized fire
conditions

1.2 The general purpose of this test is to measure the ability
of a representative duct or duct assembly to resist the spread of
fire from one fire compartment to another without the aid of
fire dampers. |

1.3 It is applicable to vertical and honizontal ducts, wiiih or
without branches, taking into account joints, air supply and ex-
haust openings, as well as suspension devices, etc

1.4 This international Standard 1s not applicable to

a) ducts above fire-resisting suspended ceillings (honzon-
tal membranes} in those cases where the ducts rely for their
fire resistance on the perforrmance of the ceiling: |

NOTE — Other tests are necessary for these ducts

b} ducts containing fire dampers at points where they pass
through fire separations.

NOTE — In order to assess the fire resistance of fire dampers, other
tests are required A method of test for fire dampers i1s under con-
sideration as a subject for a future international Standard

1.5 This International Standard is not approprate for the
following ducts unless the further criteria described in the an-
nex are established to the satisfacton of the appropriate
authority:

al ducts of materials which are extremely sensitive to ther-
mal shock;

NOTE — Thermal shock may affect such ducts in a way that would
differ from the effect in this test, but the test may still be used
where 1t can be established that sensitivity to thermal shock 1s
within acceptable limits

b} smoke outlet ducts; )

NOTE — These ducts need to retain their integnty and cross-
sectional area under fire conditions Conseguently critena for ac-
ceptance additional to those grven in this International Standard
are required This International Standard is only appiicable,
therefore, to smoke outlet ducts if the crnitena for integnty fatlure of
a representative smoke outlet duct within the furnace and the loss
of retention of cross-sectional area of such ducts are agreed
between all parties concerned and are nvestigated and reported
(see the annex).

¢) ducts lined on the inside with combustible material or
which in practice may accumulate combustible deposits on
their inside face {such as kitchen extract ducts)

NOTE — Additional criteria regarding the insulation performance of
the duct are required n this case {see the annex)

1.6 This International Standard does not take into considera-
tion the effect of impact shock toading on ducts due to the col-
lapse of supporting or adjacent structural members or other
components, or of impact- or thermal shock loading resulting
from the application of a water {hose) stream.

NOTE — The method described in this International Standard
should be used solely to measure and describe the properties of
ducts and their supports in response to heat and flame under
controlled laboratory conditions and should not by itself be con-
sidered or used for the description, appraisal or regulation of the
fire hazard of such ducts or supports under actual fire con-
ditions.

2 Reference

1ISO 834, Fire-resistance tests — Elerments of building construc-
tion.



BS 476 : Part 24 : 1987

3 Principle

3.1 The test consists of measurement of the length of time
for which test specimens, of specified dimensions, satisfy
specified cnteria under prescnbed conditions during the penod
of exposure to fire,

3.2 If a ngd restrant is not provided (see729),
measurements shall be made of any elongation or shortenng of
the duct which occurs during the test, in order to provide an in-
dication of allowances for elongation or shortening which are
to be made in the design of the duct system in practice

3.3 The following measurements are optiona! and are not to
be considered an integral part of this test method.

a} gas leakage rates, to provide an indication of the poten-
tial smoke leakage through the duct;

b} the release of smoke from the unexposed face, to pro-
vide an indication of smoke generated by duct covering and
lining matenals;

¢) restraint forces at the penetration point in the furnace
wall opposing horizontal expansion of the ducts, to provide
an indication of potential structural failure of lightweight
partitions through which the ducts may pass; however, If
the duct specimen at the penetration point is fire-stopped
with rmineral wool or other flexible fire-stopping, there will
not be any full restraint at this point (see 7.2.9 and the an-
nex), and if the duct is restrained outside the furnace (see
7.2 9), it will not be appropriate to measure restraint forces
at the penetration point.

3.4 The test takes into account the effect of fire exposure
from the outside as well as the effect of fire entenng the ducts
in conditions where forced air movement may or may not be
present

3.5 The test specimens incorporate the usual joints and ex-
haust openings and are suspended as they would be in prac-
tice. The specimens are supplied with air in @ manner which 1s
incdicative of the *fan off”” and ""fan on’ situations which could
arise in practice.

As the load-bearing capacity of suspension or fixing devices 1s
often cntical in a fire, additional separate evaluation of these
devices is required. This evaluation may be carned out in a
separate furnace For the suspension and fixing devices, the
evaluation procedure may be separated into parts, such as tests
for the device for fastening to the fiocor, cetling or wall, tests for
the device for fasterung to the duct and tests for the hangers.
After having chosen the correct fastening dewice and hanger,
the complete assembly can be evaluated

3.6 If specified by the sponsor, part of the test may be omit-
ted if the duct concerned 1s not required, in practice, to meet all
the concitions enwvisaged by the test, for example a duct
designed for use only In the vertical position need not be tested
in the honizontal position Any such deviations from the full test
procedure shall be clearly descnbed in the test report

4 Apparatus

The main items of apparatus are as follows

4.1 Furnace, capable of subjecting a ventitation duct to the
standard heating and pressure conditions specified in clause 5,
suitable for testing ducts in the vertical {see figure 1} or
horizontal {see figure 2} positton.

4.2 Device, if applicable (see 3 3}, fixed to the furnace wall,
for measuring the forces which restrain thermal elongation in
honzontal ducts. A test arrangement for this purpose is shown
in figure 3. Details are described in the annex.

4.3 Thermocouples, for measuring the internal temperature
of the furnace and internal and external temperatures of the
test specimens in conformity with the requirements given In
512 5.1.3 and 5.1.4 and, if necessary, a8 movable thermo-
couple {see 8.3.1.2)

4.4 Equipment for measuring gas pressures in the fur-
nace and in the ducts

4.5 Fan, for extracting gas from ducts B in figures 1 and 2
with a suction capacity of at least 2 x ¥V, {required capacity:
V.=3m/s x 1Tm x 0,25m = 0,756 m3/s), i e. sufficient to
produce an air velocity in the ducts of at least 3 m/s, measured
at ambient temperature betore the test.

The characteristic curve of the fan shalil be hornizontat for the ac-
tual air flow. The capacity of the fan shail not change by more
than 10 % in the event of a drop in pressure of up to b0 Pa.

NOTE — The regulation of the gas flow can be arranged by a flow rate
controller, installed just before the fan. This provides a sufficient gas
flow even when deformations of the duct reducing its cross-sectional
area by not more than 25 % occur The case where the duct collapses
In such a way that its cross-sectional area is reduced by more than
25 % can be disregarded in determiming the fan capacity because,
before this happens, a stability fallure or an integnty farlure at the fire-
stopping would have already occurred

For horizontal ducts, a second fan i1s required to produce and
maintain an underpressure of 300 Pa in duct A (see figure 2)

B Test conditions

5.1 Fire exposure

5.11 Temperature rise

The temperature nse shall be controlled in accordance with
ISO 834, subclause 4 1 1.

5.1.2 Measurement of furnace temperature

The furnace temperature shall be measured in accordance with
ISQ 834, subclause 4 1 2,

The positions of the thermocouples shall be as shown in
figures 4 and 5.




° 5.13 Tolerances

Tolerances shall be assessed n accordance with {1SQO 834,
subclause 4.1.3

5.1.4 Measurement of temperature of test specimens

The temperature of the test specimens shall be measured in ac-
cordance with SO 834, subclause 4 1.4,

The positions of the thermocouples shall be as shown in
figures 8 and 7." Thermocouples for estimating average
temperature shall be placed in such a way as to give informa-
tion representative of the normal heat transfer through the
walls of the ducts

5.1.5 Measurement of temperatures of flue gases

The gas temperatures inside the ducts shall be measured at the
locations shown in figures 6 and 7 The hot junctions of the
thermocouples shall be placed centrally in the ducts and at the
centre of the top edge of the opening in the vertical duct A (see

figure 6). Further details are given in 150 834, subclause
4123

5.2 Pressure conditions

The furnace pressure shall be maintained according to 1ISQ 834,
subclause 4.2.

The neutral piane shall be below the horizontal specimen The
pressure nside horizontal duct A (see figure 2} shall be
300 + 10 Pa below the ambient {laboratory) pressure at the
beginning of the test, and during the test the fan setting shall
not be altered The underpressure shall be continuously re-
corded to provide a measure of air leakage.

5.3 Air velocity

The air velocity in duct B {see figures 1 and 2) shall be 3 m/s
measured at ambient temperature at the start of the test and
thereafter the fan velocity shall not be readjusted The measur-
ing point shall be located inside the tube connecting the test
specimen to the fan., The measurements shall then be corrected
by the ratio of the cross-sectional areas.

6 Preparation of test specimens
6.1 Dimensions
6 1.1 The test specimens shall normally be full size

6.12 If compliance with the requirements of 6.1.1 is not
possible, the following shall be the minimum dimensions of the
parts of test specimen exposed;
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a) n the furnace (see figures 1 and 2 and clause A 5}

1) horizontal ducts length 3,0 m,

2} vertical ducts: length 2,0 m,
b) outside the furnace:

1) horizontal ducts: length 2,5 m,

Z2) vertical ducts- length 2,0 m.

6.1.3 If applicable, specimens having a ratio of shortest side
to longest side of 1/4 shall be tested. The longest side shall be
1 m or as near to 1 m as the dimensions of the furnace allow
(see the annex).

6.2 Conditioning

Test specimens containing hygroscopic matenals, or other
materials which can be affected by moisture, shall be con-
ditioned to equilbnnum with the prevailing conditions in the
laboratory, which shall be within the following hmits:

— temperature {dry bulb}:- 256 + 15 °C,

— relative humidity: 40 to 65 %.

7 Test arrangements

7.1 Details of test specimens

The test shall be made on a test specimen representative of the
complete duct assembly, including integral or intended insula-
tion, on which information 1s required. Each type of duct re-
quires & different approach and an attempt shall be made to
reproduce the boundary conditions and the method of fixing or

support inside and outside the furnace representative of that
used in practice.

The fire-stopping shall be as used in practice following
established manuals of good practice for field installation, and
shall be specified by the manufacturer. If the width of the gap
for fire-stopping around the duct at the furnace penetration
point is not specified, a wadth of 20 mm shall be used

The furnace wall which is penetrated by duct B (see figure 2)
shall, for a distance all round the duct of at ieast 300 mm, be
constructed of lightweight concrete blocks not more than
100 mm thick or shall have a similar lightwetght construction

having a level of fire resistance appropriate to the duct being
tested

7.2 Duct arrangement

71.21 A single duct may be tested in the furnace, or alter-
natively, two or more ducts may be tested in the same furnace,
provided that there 1s sufficient space to do so, in accordance
with the dimensions shown in figures 1 and 2.

1) Addtional bare wire thermocouples may be placed on supports or in other posiions on the ducts to obtamn additional data for use \n assessments
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7.2.2 Ducts shall be arranged as in practice (see figures 1 and
2) Both horizontal ducts shall abut against the furnace wal! at
one end and shall penetrate the furnace wall at the other. Both
the end of the horizontal duct A (see fiqure 2) within the fur-
nace and the end of the branch duct attached thereto shall be
closed independently of any furnace enclosure by materials and
construction simiar to the remainder of the duct,

7 2.3 Vertical ducts {see figure 1) shall be tested standing on
the furnace floor and penetrating the furnace roof slab; the
ducts shall be fixed at the furnace roof level as they would be
fixed in practice when penetrating a floor

7.2.4 For horizontal ducts, the test arrangement shail include
at least two joints inside the furnace and at least one joint out-
side t One joint shall be at the centre of the span between the
supports both inside and outside the furnace, if this is possible
in practice.

7.25 For vertical ducts, the test arrangement shall include at
least one joint mnside and one joint outside the furnace {see
figure 1).

7.2.6 The openungs of all ducts shall have an area which i1s at
least half the cross-sectional area of the ducts Such openings
shall be in the positions shown 1n figures 1T and 2.

7.2.7 The harizontal duct A (see figure 2) shall include one
sharp bend of the same cross-sectional area as the main duct
and a T-piece to form a short branch duct All specimens in-
cluding this branch shall be mounted with the suspension or
fixing devices as would be provided in practice.

7.2.8 There shall be a clearance of 500 + 50 mm between the
top of the horizontal duct and the ceiling, and also at least
500 mm between the underside of the horizontal duct and the
floor. Similarly, there shall be a clearance of at least 500 mm
between the sides of ducts and the furnace walls, except in the
case of assemblies of ducts as shown in figures 1 and 2.

7.2.9 When, n practice, horizontal ducts and/or the apphed
fire protective insulation outside the fire compartment 1s likely
to be subject to rigid restraint against elongation forces, either
from building works (walls, etc.) agamnst which the duct abuts,
or where the rest of the duct assembly outside the fire compart-
ment could afford such ngid restraint (such as may be afforded
by ducts with short, ngid supports), full restraint shali be pro-
duced in the specimen at points 2 000 + 50 mm from and out-
side the furnace enclosure

Such restraint shall be full in the direction of the duct, so as to
resist all expansion forces in this direction, but there shall be no
restraint (at ambient temperature) 1o movement in the vertcal
direction

In these cases, the measurement of restraint forces and elonga-
tions are not applicable. In other cases, the parts of specimens
outstde the furnace shall be unrestramned

7.3 Materials and workmanship

The materials and standard of workmanship of the test
specimens shall be representative of good practice, as defined
by national codes and standards

8 Procedure

8.1 Test conditions

Parts of ducts within the furnace shall hormally be exposed to
fire from ali sides over therr whole length Ducts shall only be
exposed on less than four sides if this is likely to occur in prac-
tice Tests can be performed on assemblies of ducts {see
figure 1} Alternatively, tests can be performed with a duct
posittoned close to a wall or floor if 1t 1s desired to represent this
condition In practice.

8.2 Control of conditions to permit assessment of
integrity

Twenty minutes after the start of the test, stop the fan in
duct B (see figures 1 and 2} and, where it is intended to
evaluate the ““fire outside duct’’ situation with the duct only in
the honzontal position (see 3.6}, stop the fan in horizontal duct
A (see figure 2) for about 5 min to enable an assessment of in-
tegnty of the duct assembly outside the furnace to be carried
out under stable condttions in the “fan off’” situation. Then
start the fan in duct B and, where applicable, in horizontal duct
A_and stop it for a & min period 10 min before the completion
of every 30 min period of the test. Make assessments of inte-
grity in the ““fan on” situation at all other times.

8.3 Test measurements and observations

8.3.1 Assessment of fire resistance

Make the foliowing measurements and observations to enable
the criteria of stability, insulation and integrity {(see clause 1) to
be assessed.

8.3.1.1 Stability

Record the time when the suspension or fixing devices can no
longer retain a duct in 1ts intended position or when sections of
the duct collapse.

8.3.1.2 Insulation (temperature of unexposed face)

Measure the average and maximum temperatures of the unex-
posed faces of the test specimens as specified in 51 4 and
ISO 834, subclause 6.2 2.1, using a movable thermocouple to
locate points of high temperature.

8.3.1.3 Integrity

a}) Record any cracks and openings which indicate loss of
inteanty.

b)Y Determme the time at which the passage of flames or of
hot gases outside the furnace occurs according to {SO 834,




subclause 6.2 3 1, the cotton pad being applied to the open-
ings outside the duct, if provided, and to any crack or hole
which develops.

¢} Measure and record the temperature of the gases issu-
ing from openings in the ducts outside the furnace and at
penetration points inside the ducts. {See figures 6 and 7;
thermocouples 1 and 2 are used.)

8.3.2 Restraint forces and thermal elongation or
shortening

If applicable, measure and record the restraint force in duct B
{see figure 2) at the penetration point [see 3.3 ¢)l.

Measure and record the thermal elongation or shortening of
ducts A (see figures 1 and 2) at the penetration point, where no
rigid restraint is provided in accordance with 7.2.9

8.3.3 Additional ohservations

Throughout the test, make observations of all changes and oc-
currences which do not affect the performance critena but
which could create hazards in a building, including, for exam-
ple:

al deflections;

b} the emissions of smoke or noxious fumes from the
unexposed face of a duct, for example attributable to its
coverings and/or ining;

¢} a decrease in cross-sectional area of the ducts {in order
to provide information on the ability of the ducts to serve as
smoke extraction ducts}.

8.4 Duration of the test

8.4.1 Normally, the test specimen shall be heated in the

prescribed manner until failure occurs under any one of the
relevant performance criteria, namely

a) stability (see 9.2.1}:
b} insulation {see 9.2.2);

¢} integrity {see 9.2 3).

8.4 2 In tests other than those on test specimens judged only
by the cntenon of stability (see 2.2.1}, testing may be con-
tinued after failure under either of the other two critena (see
9,2.2 and 9.2.3) by prior agreement between the sponsor of the
test and the testing authority, unti falure occurs under the
other cnternon, provided that collapse of the specimen has not
already occurred

8 4.3 Alternatively, the test may be concluded after 2 penod
determined by prior agreement between the sponsor and the
testing authonty, even if no fallure under any of the criteria has
occurred at the end of that period.
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8.4.4 The length of time from the commencement of heating
for which the test specimen complies with the relevant require-
ment{s) shall be expressed in minutes.

8.5 Calibration

The mstrumentation used for measuring temperature,
pressure, air velocrty and force shall be cahbrated, using
established reference standards, and instrument readings shall
be corrected as appropnate. Any measurement uncertainty
shall be reported.

9 Performance criteria for expression of fire
resistance

9.1 General

The fire resistance of test specimens shall be the duration, in
minutes, of heating in accordance with 5.1 1 until failure occurs
according to one or more of the performance criterig, i e
stability, insulation, integrity, or until the test is terminated,
whichever s the shortest time,

In expressing the test result, the words ““stability”, “insulation’’
and "integrity’”’ shall be followed by the time expressed n
mimnutes, denoting the penod of successful compliance under
each of these headings.

9.2 Performance criteria

9.2.1 Stability

Stability failure shall be deemed to have occurred in duct A
within the furnace and in ducts A and B outside the furnace
when the duct collapses in such a manner that the duct no
longer fulfils its intended function.

9.2.2 Insulation

Insulation fature shall be deemed to have occurred when the
temperature rise above initial ambient temperature in the
laboratory on the unexposed surface of the test specimen out-
side the furnace exceeds either

al 140 °C as an average value (see 51 4): or

b} 180 °C as a maximum value read by any surface ther-
mocouple

NOTE — See also the annex, cfause A 1 d} in respect of insulation
fallure of ducts A i figures 1 and 2 within the furnace where such
ducts contain combustible matenals, clause A 7 1, regarding the need
for care in stting openings Into ducts close to fire separation walls

9.23 Integrity

The presence and formation in the test specimen of cracks,
holes or other openings outside the furnace through which
flames or hot gases can pass shall constitute integrity failure

Integnty failure shall also be deemed to have occurred when the
cotton pad referred to 1n ISQ 834, subclause 6 2 3.1, 15 1gnited
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or when sustained flaming, of duration at least 10 s, appeatrs on
the unexposed face of the test specimen outside the furnace.

9.3 Precision and accuracy

No quantitative data for precision and accuracy are available at
present

10 Test report

The test report shall include the following information:
a} name of testing laboratory;
b} name of sponsor;
cl date of test,

d) name of manufacturer and the trade name {if any} of
the product;

e) details of construction and conditiomng of the test
specimens, including detailed information on the relevant

physical and mechanical properties of the materials used,
together with drawings illustrating the essential features
and including the number of sides of the test specimens ex-
posed to fire in the furnace (see 8.1);

f) whether the duct was considered restraned of
unrestrained, including methods of fixing, support and
mounting, as appropriate for the type of specimen, and a
description of the method and matenals used to seal the
opening between the duct and cut-out provided in the wall
to accommodate the duct;

g) the force (if measured) due to restraint at the furnace
nenetration point as a function of time, presented as a
graph;

h} the thermal elongation or shortening (if measured) of
ducts A in figures 1 and 2 (see 8 3.2);

i) other observations made during the test according to
8.3, including a complete record of measured temperatures
as a function of time;

k} test results as required by clause 9 Where the test is
terrmunated before the occurrence of failure under the rele-
vant criteria, this shall be reported.
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Figure 1 — Test arrangement for vertical ducts
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Figure 2 — Test arrangement for horizontal ducts

[See detail in figure 3 and 3 3 ¢) and 7.2.9]
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Figure 4 — Location of furnace thermocouples for ducts in vertical position {see also figure 1}
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Figure 5 — Location of furnace thermocouples for ducts in horizontal position {see also figure 2)
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Figure 7 — Location of thermocouples on horizontal ducts outside the furnace
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Annex

] Explanatory notes

(This annex does not form part of the standard )

A.0 General

The following explanatory notes are intended to serve as guidance for the planning, performance and reporting of a fire resistance test
carned cut in conformity with this International $Standard.

A fundamental requirement for fire resistance tests is that the test results shall be reproducible. This requirement necessitates very
accurate detaled specification of the test conditions, for the preparation of the test specimens and the charactenstics of heating and
restraint during the test.

Detailed data from a fire resistance test will also facilitate classification and the international utihization of the test data i countries
with different classification requirements. For a satisfactory analysis of the test results, it may be necessary to complement a fire
resistance test by other tests for the determination of the relevant properties of matenals, for example thermal conductivity, specific
heat, and strength and deformation properties 1n the temperature range associated with fires.

Since the duct, in practice, will be attached to fixed building members (floors, walls, etc }, the anticipated effects of their expansion,
contraction or deflection should be considered in a complete evaluation of fire performance

It may also be necessary to carry out additional tests of the load-bearing capacity and resistance to elongation or other deformation of
hangers under fire conditions.

A.1 Notes on scope and field of application

Ventilation duct systems are well known for creating hazards by facilitating the spread of smoke and hot gases in the case of fire
Systems of this type are often complicated and extensive in modern buildings and their influence on the fire hazard has 10 be con-
sidered carefully. The fire hazard can be reduced erther by providing fire dampers (tests on which are not covered by this Internattonal
Standard) at the points where the ducts pass through fire separations, or by the provision of ducts which, themselves, are fire-
resisting.

It is obvious that the impact of fire on a ventilation duct system, as well as the spread of fire through the system, can vary within a very
wide range A strict scientific approach to the problem of adequate testing of a ventilation duct would, therefore, be to design a seres
of tests each of which corresponds to a specified fire situation and duct arrangement However, such an approach would probably
fail due to its economic consequences, as tests of this type are very time-consuming and costly. The method of test described in this
International Standard has therefore been designed with the intention of covering a wide range of fire situations in one single test cor-
responding to a “worst case” situation.

The worst case cannot be specified uniguely in every possible situation and it has, therefore, been necessary to accept some restric-
tions and [ack of applicability of the method of test to all situations. The most important exclusion from the scope of this international
Standard is an uninsulated ventilation duct located in the space immediately below the floor structure and protected against fire by 2
suspended celing of sufficient fire resistance, where other tests for the fire performance of the suspended ceiling may be used

The method described in this International Standard is also not appropriate in the following contexts, unless the further criteria
described are established to the satisfaction of the approprate authority:

a) A ventilation duct constructed of matenals which are extremely sensitive to thermal shock, for the case when cold air passes
through a fire compartment; the duct is thus attacked by fire from the outside whilst being cold on the inside Here the thermal
shock or other phenomena may cause the behaviour of the duct to be worse in practice than in the fire test, but if the sensitivity to
shock Is within agreed acceptable limits, the method of test described may still be used.

b) Ventilation duct systems intended solely for the evacuation of smoke, which are intended to mamntain their integnty and cross-
sectional area within the fire compartment in order to enable the maximum quantity of smoke to be extracted throughout the fire
penod in this case, any excessive leakage through the walls of the duct within the fire compartment {as well as outside it}, and any
restriction of the cross-sectional area of the duct due to twisting or buckling may impair the ability of the duct to extract the
amount of smoke for which it was designed It s considered that any restriction of the cross-sectional area of the ductto 75 % or
less of its onginal area should be deemed to constitute fallure in this case. It should be noted that, in practice, such ducts may
cause movement of the smoke at higher velocities than 1in normal ventilaton ducts (disregarding the noise). The high under-
pressure in such situations may cause collapse of the duct
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¢) Ducts hned on the inside with combustible matenals or ducts, such as kitchen extract ducts, which are likely to accumulate
combustible deposits These may be tested in accordance with this International Standard if additional thermocouples are fixed at
points on the inner surface of the duct within the furnace where hot spots are anticipated. Combustible linings {either external or
internal) may be subject to certain requirements regarding spread of flame, fire propagation, etc. It has been found most conve-
nient to exclude these properties from the test and to test them separately

d} Special problems may occur when adjacent structural members {for example floors}, from which horizontal ventitation ducts
are suspended, deflect due to the thermal influence of the fire The test resuits may then be difficult to interpret. The problem is of
the sarme nature as mentioned in 1ISO 834 for non-load-bearing partitions and reference should, therefore, be made to the annex to

1ISO 834, A 6.1, note concerning 6 1.1 5.

Due to composite reactions caused by deflections of the ventilation duct and of the adjacent structurat member, suspension and
fastening devices, bolts, etc. may fail. However, itis emphasized that the method of test specified in this International Standard is
not prmanly intended to test such devices but the ventilation duct itself. Devices of this type should normally be evaluated
separately This means that failure of one or more fastening devices which are not specific to the particular duct assembly should
not automatically be interpreted as a failure of the whole duct assembly.,

e} In the case of a fire inside a horizontal duct {duct B in figure 2), duct hangers outside the furnace are hable to be attacked by
the fire, for example where they cannot be well insulated on the side nearest to the duct. In this case a separate test, in addition to
those mentioned 1n d) above, may be necessary on representative hangers, together with a section of the duct loaded as in

practice

A.2 Notes on principle

A.2.1 Smoke production

In 8 3 3, additional observations during the test, for example the emission of smoke or noxious fumes from the unexposed face of a
duct, are required to be reported. This has been specified in order 1o facilitate the assessment of the overall fire hazard in a building

As the combustion by the burners of the furnace does not produce visible smoke, and as it may be difficuit to distinguish between
smoke and any steam produced, the test gives no full and reliable indication of the quantity of smoke which could be passed by the
duct from the burning room to other rooms of a building The estimation of this has to be based on observations in accordance with

83.13

In the case of ducts constructed of, or hned with, combustible materials, smoke can be produced by thermal decomposition of the
duct or lining matena! and can enter other rooms. The estimation as to whether this represents a hazard depends on the amount and
density of the smoke. A quantitative method of measuring this does not exist at present, but the following simple aid to assessment
has proved to be surtable. This shall not, however, be allowed to interfere with measurements and observations required by this

International Standard, such as observations of integrity fadure.

A second room with the duct passing through 1t is constructed alongside or, as the case may be, on top of the furnace. The walls and

the ceiling of this room can be constructed of simple light elements as the room is not heated by the burners. The room shoutd be
completely enclosed in order to collect the smoke which 1s emitted by the duct. From visual observation, the time can be established .
at which the density of smoke in the room is estimated to be such that it represents a danger for escaping persons. In order to have a
common basis for this estimation the suggested dimensions of the roomare3,5 m x 3,5 m x 2 m. It can be assumed that an accep-

table smoke level In a room of this size will be at least as acceptable in a larger room.

In relation to Integnity 1t is recognized that the nise in temperature of thermocouple 1 at the furnace penetration points will only give a
rough indication of integnty failure of ducts A, within the furnace, aithough it will give some indication of insulation failure within the
furnace The introduction of a tracer gas into the furnace and measurement of it within the duct may be a more precise method of
measuring integrity fallure Also, the measurement and comparison of the amount of carbon dioxide within the furnace and within the

duct may enable a rate of gas leakage to be ascertained.

Another method for estimating the leakage under fire conditions as an indication of integrity fallure 1s the measurement of under-
pressure In duct A; see 53,

A.3 Notes on apparatus

A.3.1 Reproducibility

At present, no information 1s avallable concerning the reproducibility of this method of test. In order to establish the reproducibility,
calibration tests or round-robin tests will have to be performed. .
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A.3.2 Thermal elongation and shortening and restraint forces

During fire exposure, the ducts can expand or shrink due to high temperatures., This may cause premature failure of a non-load-
bearing flightweight partition if the duct s fixed to it or butts against it. The expansion or shrinkage of the duct will apply a force to the

partition.

Therefore, during tests, joints, attachment devices and a representative partition with fire-stopping are considered as being parts of
the duct system being evaluated. Alternative joints, attachment devices, fire-stoppings, etc , should not be used unless it can be
shown that the performance in respect to integrity and stability will not be worse and that the force on the partition resulting from ex-
pansion or shrinkage will not be greater.

As a consequence of the limitation of the force on a partition resulting from expansion, sliding fire-stopping devices are often chosen
at the point of penetration through walls or partitions Consequently, in this system, the installation of the duct must provide enough
space and sufficiently flexible duct supports to aliow for thermal elongation or shortening under fire conditions The space required,
based on the results of measurements of the elongation or shortening, shall be given in the test report

In the case of honzontal ducts where the installation cannot ensure the required space for the elongation of the ducts or sufficient
flexibility in the duct supports, a test with full restraint inside and outside the duct has to be performed if the laboratory cannot judge
by experience that the restraint has no negative influence on the results. Duct B, in this case, should be fully restrained in the direction
of the duct at the end inside the furnace and at a point 2 m cutside the furnace, but there should be no restraint in a vertical direction
This will represent the “worst case” condition where, for example, a duct butts against a corridor a short distance away from the fire
compartment, or where the “cold” portions of the duct system outside the fire compartment act as a nigid restraint to the expansion
forces. A suitable method of restraining the duct specimen outside the furnace 1s shown in figure 8.

If applicable, details of the arrangement for measuring the restraint force at the penetration point are given in figure 3

A.4 Notes on test conditions

A.4.1 Temperature-time development

If the ventilation ducts are assumed to be subjected to a fully developed fire, the temperature-time curve according to 1SO 834 1s
chosen. Other fire curves could be discussed, but their scientific background has been found insufficient to permit an alternative
proposal

A.4.2 Anticipated pressure ranges

The movement of air in a duct passing through a compartment on fire, and which has no openings to that compartment, may create
an underpressure on the duct walis which may encourage the fire to exploit any cracks which develop in the duct. An underpressure
of 300 £ 10 Pa in honzontal duct A has been chosen as being realistic in this “worst case” situation and I1s the underpressure at
which any integnity failure of the specimen within the furnace shall be measured.

A.4.3 Measurements of temperature of test specimens

The temperature measurements are assumed to be carried out as specified in the relevant clauses of I1ISO 834, with additional
measurements being necessary because of the special nature of the test specimens. In particular, an additional temperature measure-
ment Is specified for the separating wall between two ducts built together, one of which is carrying fire gases. It has tentatively been
proposed that 300 °C should be the maximum acceptable temperature on the unexposed side of such a separating wall

A.5 Notes on preparation of test specimens

The test specimen shall be representative of duct installations in practice. This implies that joints, suspension and fixing dewvices,
bolts, etc., shall be included and mounted in accordance with the manufacturer’s mounting instructions. The distance separating
joints and the span between supports should be sufficient to enable interpolation within a range of other lesser dimensions to be
made. In some situations, the furnace may be too small to reproduce a relevant fire exposure in a particular duct assembly. This im-
plies that the duct assembiy to be used in practice may need to be modified in order to fit it into the furnace

In most cases, the largest ducts likely to be used and which can be accommedated in the furnace whilst maintaining the specified
vetocity In the duct {i.e. 3 m/s) shall be tested. Unjustifiable extrapolation to ducts restrained in a different manner, supported at
greater intervals or of a larger size, should not be made. Care should be taken when making any assessment of the performance of
ducts which do not entirely conform in practice with the conditions represented in the test.
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Distortion of rectangular ducts is generally more severe than distortion of square or round ducts Hence, the maximum width to
height ratio intended for use shall be tested In other cases, or if the ratio is not specified, the test specimens should have walls with a
ratio of 1/4, the longest side being 1 m if possible. The iongest side of the horizontal specimen should normally be onentated honzon-
tally in the furnace.

This International Standard requires the testing of a minimum length of 3,0 m for horizontal ducts and 2,0 m for vertical ducts inside
the furnace and 2,5 m and 2,0 m, respectively, outside the furnace. These lengths have been chosen in order to use the fire test fur-
naces avatlable in most countries. Some izboratories have larger furnaces and can consequently test larger or ionger test specimens:
this 1s most desirable In some cases, they can obtain more comprehensive results from the tests

A.6 Notes on test arrangements

For the safety of personnel, all heated gases exhausted from the ducts being tested should be directed outside the test laboratory.

A.7 Notes on procedure

A.7.1 Insulation and integrity

The procedure includes periods during which the fans are running, interrupted by periods when the fans are stopped. This regime is
used to enable a check of the insulation and integrity properties to be made in various typical circumstances, but 1t is not represen-
tative of conditions in practice as far as one duct is concerned.

Assuming cut-out of the ventilating fan in the event of a fire, the temperature of the gases within an insulated duct, exposed on the
exterior to fire conditions, will nse both due to heat transfer through the duct wall and due to any faifure in integnty.

A measure of the hkely temperature of gases diffusing through the system away from the fire compartment may be obtained from
thermocouple 2, reading the gas temperature within duct A n figures 6 and 7. The temperature of gases at this point is not con-
sidered as a failure cnterion, because the significance of the temperature and what the maximum permissible temperature should be at
this point would depend on the proximity of combustible matenal and the presence of air grilles. This temperature should, however,
be recorded because there s, in practice, the risk of fire gases penetrating into an adjacent compartment, depending on the pressure
difference. If an opening into the system is sited close to a fire separating wall, then appropriate protection against the diffusion of hot
gases into the compartment should be provided.

Some countries may wish to specify the size of cracks, holes or other openings outside the furnace which shall constitute integrity
fatlure.

In the event of a fan continuing to operate, the overpressure from a supply fan will normally exceed the buoyancy pressure of the fire,
preventing fire gases entening the system, any negative pressure differential maintained by an extraction fan will only serve to assist
the evacuation of hot gases to the atrmosphere.

A.7.2 Stability

The criterion for stability fallure i1s only retevant inside the furnace for ducts A, and not for ducts B. Qutside the furnace, however,
both ducts A and B are subject to the cnitenon for stability failure, Any collapse or fallure of fixing devices, etc., in respect of ducts B
within the furnace should, nevertheless, be reported under 8.3.3

A.8 Notes on failure criteria

The importance of the various failure critena of stability, integrity and insulation may vary according to whether the duct is a normal
ventilation duct, a “smoke outlet” duct or a “kitchen extract’” duct as descnbed above. For convenience of reference to appropriate
itemns 1n this International Standard, the faldure criteria are analysed in the following summary table, with an indication given as to the
status of each particular case. The footnotes to the table indicate other tests and measurements which may be required
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Table — Fire resistance test on ventilation ducts — Necessary measurements

Key M = mandatory
NM = not mandatory
N/A = not applicable
Type of duct Stability Integrity l Insufation
s — . —
IED:; of shape od Asr temperature Temperature M
Collapse r ?;E";E:an ° Sustan inside duct Mean rise over 180 °C ean Temperature
_ within or ) flaming outside temperature of any “hot temperature rIse over
Vertical outside furnace Cross- or gaps furnace rise over spot” on rise over 180 °C of any
(see A 7 2) secttonal outside furnace (thermo- 140 °C on surface 140 °C “hot spot”
area) [not {see 7 2 couple 2] surface outside outside on surface of surface
tmandatnrv and A7 1) {seepA 71} i furmace furnace inside duct inswde duct
see A 1 b)}
Normal ducts
No fan
(secea AT 1) M N/A M M M M N/A N/A
Smoke
Fire outiet
outside ducts
[see A 1 bl
uct
uct A No fan
{see A7 1) M M Y M M M N/A N/A
Kitchen
extract ducts or ducts
contamning
combustble
hmngs
Isee A 1 ¢l)
No fan
{see AT 1) M N/A M M M M M M
Normal ducts M outside
Fan on furnace
{see A 7.1) N/A nside |
furnace N/A M MN/A M M N/A MN/A
Fan off M outside
{see A 7 1) furnace
N/A inside
furnace N/A M N/A M M MN/A N/A
Smcke outlet
ducts
[see A 1 b}
Fan an M outside ]
{see A7 1) furnace
N/A inside
furnace M M N/A M M N/A N/A
Fire Fan off M outside
inside {see A 7.1} furnace
duct N/A inside
{cluct B) furnace M M N/A M M N/ A N/ A,
Kitchen extract ducts
or ducts contaming
cormnbustible
Inmings
[see A 1 c}]
Fan on M outside H
(see A7 1) furnace
N/A inside
furnace N/A i N/A M M N/A N/A
Fan off M outside
(see AT 1) furnace
N/ A inside
furnace N/A M N/A : M M N/A N/ A
I A [ ) .
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Trpe of due S ey

Table — Fire resistance test on ventilation ducts — Necessary measurements (conc/uded)

Fire
outside
duct
(duct A)

Fire
inside
duct
{duct B)

Hornzontal

Normal ducts
Fan on

{see A.7 1]

Smoke

outiet

ducts

[see A 1 b}
Fan on
(sec A7 1)

Kitchen

of ducts contaning
combustible
hnings
Isee A 1 ¢}l
Fan on
{see AT

Normal ducts
Fan on
(see A 7 1)

Fan off
{see A 7 1)

Smoke outlet

ducts

[see A T bl
Fan on
{see AT 1)

Fan off
(see A 7.1)

Kitchen extract ducts
or ducts contaning
combustble
imings
fsee A 1 cH

Fan on

{see A 7.1)

Fan off
{seo A 7 1)

extract ducts _

Collapse
within or
outside furmace
(see A 7 2}

M

M outsxde
furnace
N/A nside
furnace

M outside
furnace
N/A inside
furnace

M outside
furnace
N/ A nside
fumacs

M outside
fumace
N/A inside
furnace

M outside
furnace
N/A inside
furnace

M outside
furnace
N/A inside
fumace

Loss of shape
{reduction to
79 % of
Cross-
sectonal
area) [not
mandatory
(see A 1 bl

N/A

N/A

N/A

N/A

N/A

N/A

Sustamned
flaming

or Qaps
putside furnace
(see 7 2
and A7 1}

20

Air temperature
nside duct
outside
furnace
{thermo-
couple 2)
{see A 7 1}

N

NM

NI

N/A

N/A

N/A

N/A

N/A

N/A

Mean
temperature
rnse over
140 °C on
surface outside
furnace

Termperature
rise over 180 °C

of any “hot
spot” on
surface
outside
furnace

Mean
termperature
nse over
140 ¢C
on surface
inside duct

NM

NM

N/A

N/A

N/A

N/A

N/A

N/A

Temperature
nse pver
180 °C of any
“hot spot”
of surface
inside duct

N/A

N/A

N/A
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. NOTES

1 Addinonal tests may be carried out to evaluate suspension and fastening devices {see A.1 d) and el).

2 Measurements (non-mandatory) may also be made and criteria established by the relevant authorities in respect of

a) the temperature of the unexposed surface of the dividing wall between an assembly of vertical ducts, 300 °C being the suggested failure
criterion {see A 4 and figure 6);

b} sensitivity to thermal shock [see 15 all;

c) gas leakage rates [see 3 3 a)];

d) smoke production [see 3.3 b) and A 2 1},

e) elongation or shortening of the specimen (see 8.3.2 and A. 3.2);

fi restraint forces (see 8.3.2 and A.3 2).

Publication referred to

See national foreword.
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Fire Standards Committee (FSM/-) to Techmical Committee FSM/1,
upon which the following bodhes were represented

Association of British Roofing Felt Manufacturers

Association of Building Component Manufacturers Ltd

Association of Structural Fire Protection Contractors and
Manufacturers

British Coal

British Fire Services’ Association

British Floor Covering Manufacturers' Association

British Plastics Federation

British Raillways Board

British Rigid Urethane Foam Manufacturers’ Asscciation

British Wood Preserving Association

Cement and Concrete Association

Chemical Industnes Association

Chief and Assistant Chief Fire Officers Association

Concrete Society

Department of Education and Science

Department of the Environment for Northern Ireland

Department of the Environment {Housing and Construction
Industries}

Department of the Environment {Property Services Agency}

Department of Transport {Marine Directerate)

Electricity Supply Industry in England and Wales

Engineering Equipment and Materials Users’ Association

Eurniso! {UK) Association of Manufacturers of Mineral Insulation
Fibres

Fibre Building Board Organisation (FIDOR)

Fibre Cement Manufacturers Association Limited

Fire Insurers Research and Testing Organisation {(FIRTO)

Fire Offices Committee

Fire Protection Association

Amendments issued since publication

Flat Glass Manufacturers’ Association

Flat Roofing Contractors’ Advisory Board
Gypsum Products Development Association

Home Office

Institution of Fire Engineers

Mastic Asphalt Council and Employers’ Federation
National Council of Building Materials Producers
National GRP Construction Federation

RAPRA Technology Ltd

Royal Institute of British Architects

Steel Construction Institute

Timber Research and Development Association
United Kingdom Antimony Oxide Manufacturers® Association
United Kingdom Atomic Energy Authority
Warrington Fire Research Centre

Wood Wool Slab Manufacturers” Association
Yarsley Technical Centre Ltd.

The following bodies were also represented in the drafting of the
standard, through subcommuittees and panels’

Association of Builders Hardware Manufacturers

British Steel Industry

Department of the Environment (Buitding Research Establishment,
Fire Research Stauon)

Door and Shutter Association

Electric Cable Makers’ Confederation

Guild of Architectural lronmongers

Hevac Association

Intumescent Fire Seals Association

National Association of Lift Makers

Suspended Cetlhings Association

Thermal Insulation Manufacturers’ and Suppliers” Association
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