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SUMMARY

An investigation has been carried out into the performance of eighteen
timber door sets under the conditions of the British Standard fire teat.
An attempt has been made to establish some of the parameters which are
significant in determining the fire resistance of timber doors. Some of the
important factors which have been exsmined are: the efflect of the depth of
rebate, the'fit' of the door, and the effect of using an intumescent strip to
seal the edges of the door; the effect of door thickness, and the effect of
incorporating glazed vision panels in the doors.

The tests have shown that the 'fit' of a door can be more important than
the frame dimensions as a factor in deciding the effectiveness of a door as a
fire barriers With normal clearances a fire resistance of 4 hour can be i
achieved by providing a seal at the edges of a door using intumescent
materials, In the case of a swing door having no rebated frame a seal is
esaential if the door is to achieve recognised fire protection standards. -
Panels of wired glass up t0°0,9 m? in size may be incorporated in timber
fire doors. These may be retained by untreated timber beading if ¥ hr fire
check standards are required, but for a full % hour fire resistance it is
necessary to protect the beading, Glazming in 1 hour fire doors must ba
located in a suitably designed non-combustible frame._
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by
We A. Morris

1. Introduction -

Doors form a vital link in the chain of fire protection measures for
buildings. They provide closure for the openings in walls and it is important
that their presence should not substantiallly lower the level of-proteéfion for
which the wall has been designed. The nature of doors with the.facilities for
acecess 18 such that some inherent weak features are introduced which require
attention to ensure that a satisfactory barrier to the passage of fire will be
provided, the most important being the clearance between the door and the
frame without.which a door camnot function.  For this reason it is necessary:
to examine the performance of a door/frame assembly for its fire protection
characteristics rather than the door by itself. The space.in.front of. doors-
is kept clear hence there is some justification for relaxing the .rigid

requirements which are appropriate for walls, e SRR

The majority of ‘doors used in residential and office type buildings are
made of timber. Previous experience has shown that these can be designed'toﬁ:
provide protection for a maximum period of 1 hour. A British Standard1s
prepared after the last war when there was scarcity of timber, specifies the
design features for + and 1 hour 'fire-check' doors of hollow core construction.
Since its publication many manufacturers have produced successful designs for'.
doors made entirely of woode There are many problems requiring resolution in
Jjudging the performance of doors particularly if they incorporate glazings
This néte describes a co-operative programme of testing with.the 'Doors Committee’
of the British Woodwork Memufacturers Association (BWMA) to resolve some of the
probiemso

2o The test programme

21« Scope of the investigation

Eighteen doars were included in the programme, These were
manufactured and supplied complete with frames by members of the British
Woodwork Maﬁufacturers Association. The following factors have been
studied in the programme.




1. Bffect of depth of rebate

2. Effect of fit between doer and frame

Te Effect of using an intumescent strip at the edges of the door
4, Effect of thickness of the door

5. Bffect of positive pressure

6. Effect of glazing the door.

Sixteen of the doors were designed to give protection against fire for

a period of up to ¥ hour and'the other two for one hour,

2.2. Door constructions

The doors tested were-nominally 1980 mm x 760 mm (6 £t 6 in x 2 ft. 6 in)
and of the type normally found in residential and commercial buildings. The’
esgential: features .of each door are summarised in Table 1. The construction
specified in British Standard 459 : Part 3%, illustrated in Fig. 1, was used -
for the majority of the specimens, Two types of door constructed from wood- -
particle board were included for comparison purposes., In all, ten different
types of door were made and these were referred to as types 'A' to''J!. '
Types 'A* to 'H* were nominally + hour doors and doors type 'I' and 'J%, one -
hour doorss Types 'A' to '"H' were supplied in pairs, giving & total of
eighteen specimens including the one hour doors. Drawings of the doors
tested ére provided in figures 2 to 19 and a brief description of each door

is given in the Appendix.

. Bach door wais supplied complete with frame; the frames were of
softwood. of the size specified in B.S. 459, the depth of rebate being
achieved by means of a planted stop. The swing doors type 'D' had no stops.- -
The doors were hung on 14 pairs of 102 mm (4 in) butt hinges with the
exception of doors 'E' which were hung on a single pair of hinges., The
.. 8wing door 'D' pivoted on pins and was provided with a spring closure
mechanism located beneath a floor plate cast into the threshold. Where
appropriate the doors were provided with a mortice latch and handles, locks -

were not fitted to any of the doors tested,




e The test method and performance criteria

The doors were tested in pairs, built into a 230 mm (9 in) fletton brick
wall and were provided with a2 concrete-threshold. After the frames had been
fitted any gaps at the edges of the frame were pointed with vermiculite

plaster. The tests were carried out in the sequence given in Table 2.

Table 2 - Sequence of door tests

Test 1 Doors 'Aq' and ‘B1'
Test 2 Doors '01' and 'D1'
Test 3 Doars 'G,' and 'H,
Teat 4 Doaors 'E1' and ‘F1'
Test 5 Doors 'BZ' an&.'Dz'
Teat 6 Doors 'AQ' and 'G2'
Test 7 Doars 'EZ' and ‘Hz'
Test 8 Doors 'I' andl 'J!

Test. 9 Doors ‘02' and 'F2‘

The doors were tested in accordance with British Standard 476 : Part 1 :
19532; one face of the door being subjected to the heating conditions specified
in the Standard, ‘

The performance of the doors was judged by the criteria of stability and
integrity. ©tability is the resistance of the door against collapse and
integrity failure may be defined as the appearance of cracks, fissures, or
orifices through which the flames and hot gases may pass. The criterion of
limiting the temperature rise on the unexposed face is usually waived in tests
on doors on the assumpiion that combustible materials would not be stored in '

contact with the face of the doore

Thé determination of integrity failure can be somewhat subjective as
B.S. 476 does not specify a precise procedure for this purpose, In the

present investigation integrity failure has been construed ass

The appearance of flaming on the unezposed face of the door
persisting for 15 seconds or more, or, the development of a gap
estimated to be greater than 6 mm (3 in) wide, accompanied by
charring and glowing in the viecinity of the gap.
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The flue arrangements for the furnace are such that there is a slfghf
negative pressure on the fire side of the specimen and the typical pressure
differentials across a door of 2 m height are -5 ¥/n° (-0.5 m WG) &b the top
decreasirg to =15 N/m? (~1.5 mm ¥8) at the sill. To determine the effect '
of having a posi{ive pressure on the furnace side test Noo. 6 was.conducted
with a damper in the flue outlet of the furnace. The pressure was controlled
to give a value of 10 N/n° {1.0 mm WG) at the top of the door and the pressure
at the sill level was found to be -5 N/m2 (~0.5 mm WG) with the neutral axis
ocerring at a height of approximately 800 mm above the sill,

4, Test results

The records of each test are given in the appendix and are summarised in
Tables 4, 5 and 6. '

Dooxr type 'Aﬂ'

Integrity failure oceurred at 20 minutes due to sustained ignition on the
unezposed face. This oceurred at the head of the door, at the gap between
the door and the frame, The glazing bead ignited due to heat transfer through
the glass at 27} minutese. The deoor retained its stability for the % hog;

period at which time the test was terminated.

Door tyﬁe 'B1i

+ Integrity feilure oceurred at 22 minutes due to the formation of openings
at. the edge of the door, Ignition of the glazing bead: due to heat transfer
through the glass occurred at 221 minutes. The door retained its stability

for the + hour period at which time the test was termirated.

Door type 'C.°*

Integrity failure oceurred at 12 minutes due to the formation of openings
at the edges. Sustained ignition of the unexposed face occurred at 15
minutes (tOp edge)o The test was terminated at 20 minutes with the door
still in position, Ignition of the glazing bead had not occurred at the
end of the test.

Door type 'D1‘

Integrity failure occurred at 114 minutes due to the development of
openings @&t the edges of the door. Sustained ignition ocemrred on the
unexposed face of the door on the hinge edge towards the top of the door,
at 14% minutess The test was terminated at 20 minutes with the door still
in position. Ignition of the glazing bead had not oceurred at the end of
teat.




Door type ‘E1'

This door (solid particle board core) deformed more than the other doors
end integrity failure occurred at 30 minutes due to gap formation; flame
penetration didi not occur until 35 minutes, at a point near the lower edge
where the bowing was greatest, about 12 mm (¥ in). Flames also penetrated
close to the latch at 38 minutes.

Door type ‘P,

No significant gaps developed between the door and its frame during the
first 30 minutes of the test. Fire penetrated through the face of the door
however at 26 minutes and ignition of the facing oceurred at 38 minutes, The

test was terminated at 39 minutes, _ s

Door type"G1'

The door retained its integrity for a 20 minute periocds Ignition of
the glazing bead due to heat transfer through the glass occurred at 214 minutes.
The test was terminated at 35 minutes with the door retaining its stability.

Door type"H1'

Ignition of the glazing bead. oceurred at 18% minutes, the'glgs%“starteﬁ
to fall out at 33 minutegg. At 26 minutes, large gaps had developed at the.
perimeter of the door. The test was stopped at 35 minutes with the doox
retaining its stability. e S

Door type '&.'

Integrity failure oceurred at 12} minutes due to the flame penetrating
the: top edge of the door, (positive pressure), the flames spread to the
glazing bead at 17 minutes, The door reteined its stability for the % hour
test period.

Door type 'BZ'

Glowing of the frame near the latch occurred at 23 minutes and a gap
12 mm in_width had developed by 26 minutes, Ignition of the top glazing »
bead occurred at 30% minutes and 15 seconds later the treated beading around
the centre pane ignited (flames appeared: to have been transmitted from the
upper bead), The test was terminated at 31 minutes with the door retaining
its stability. |
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Door type 'C.!

Integrity failure oceurred at 28 minutes when gaps developed between the
glazming bead: and the door, sustained flaming had oceurred by 29 minutes, The

door retained its stability for the 4 hour test period..

Door ﬁxpe 'D2'

The intumescent strip had expanded by 13 minutes, this expansion did not
appear to start until 9 minutes., The upper glazing bead ignited:. at 25 minutes,
and the beading at the side ignited after 29 minutes. The test was stopped '

at 31 minutes, the door retaining its stability.

Door type 'EZ'

Severe bowing oceurred with this door (so1id particle board) a significant
gap developing by 21 minutes. The top hinge had broken away from the frawme
at 24 minutes. This was followed by ignition of the face of the door. The

door collapsed completely at 30 minutese

B3k 4pe 17,

Although some distortion of this door occurred it retained its stability

and integrity for a period of 30 minutes.

Door type 'G,'

Integrity failure of the door occurred at 17 minutes when the unexposed
face of the door adjacent to the aluminium glazming bead ignited. At 24
minutes the glazed vision panel collapsed into the furnace. Significant

gaps had formed at the top edge of the door by 25 minutes.

Door type 'H2'

Gaps occurred at the edges of the door at 18 minutes. At 23F minutes
ignition of the unexposed face of the door occurred adjacent to the FUC
glazing bead, flaming also penetrated around the door at the top edge at
about this time. The door retained its stability for the 30 minute test

periOdo

Door type 'I°

Integrity failure occurred at 344 minutes when distortion of the door
enabled flames to penetrate at the top edge. Severe distortion of the
welded steei glazing surround was evident and ignition occurred beneath the
beading at 552 minutes. The door retained its stability for the 1 hour
test periode.
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Door type 'J'

Ignition of the unexposed face of the door occurred at 40 minutes when the
flames penetrated behind the steel glaming bead. The door retained its
stability for the full test period.

e Discussion of results

5:1e General

Timber fire doors are used in buildings where the fire resistance
requirements are for + hour or 1 hour. Of these, doors for the ¥ hour
requirement represent the major ussge. Some typical examples of their
use are the front doers of flats, doors in corridors and to staircases,

and doors to service ducts,.

The performance of a timber door is measured on the hasis éf'the
criteria given in B.S. 476 for stability, integrity, and insuletione.
The last named requirepent is usually waived in the case of doors on the
grounds that no combustible contents will be stored against the door
and hence there is no hazard of their ignition by conducted heat., The
dufation for which a dbor complies with the stability and integrity
requirements enables it to be classified either as a 'fire check® or
as a 'fire resisting' construction. The fpllowing specificéfioﬁ ;s

used for this purpose,.

Table % - Classification of doors

Type of door Minimum duration for compliance
(minutes) '
Stability Integrity
4+ hour fire check 30 . 20
+ hour fire resisting . 30 . 30
1 hour fire check 60 45
1 hour fire resisting 60 60

dup» It is apparent that a fire bheck door possesses lower integrity
than a corresponding fire resisting door. 1In the majority of cases the
integrity failure occurs by the formation of orifices or openings along
the edges of the doer, (Plate 1) an inherent weakness due to the nature
of the door construction, The present tests have highlighted the
importance of detailing at the edges of doors and have shown some ways

of improving the resistance to fire penetration.
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5.2« The effect of the depth of rebate

British Standard 459 specifies that for both % hour and 1 hour fire
check doors the depth of the rebate should be 1 in. The + hour door can
have planted stops whereas for the one hour doof~they mist be cut from -
solid material, Additionally, the frame for the one hour door is required

to be impregnated with flame retardant chemicals.

In the tests on + hour doors, rebate depths of 12.5, 19, and 25 mm
( % and 1 in) were used. However as the specimens with the 19 mm (% in)
rebates were prOV1ded with additional means for seallng the gaps, the test

data cannnt be used for comparative purposes.

The dogr specimen 51 with 25 mm (1 in) rebates and specimens B1
and C, with 12.5 mn (4 in) rebates were tested with their stop sides
exposed to the furnace. The times at which the three doors suffered
loss of integrity by the formation of orifices at the-edge were 20, 22 and
12 minutes feSpectively. Measurements on the doors (see aﬁpendix) showed
that the initial gap sizes were 2,8-3.5 mm for A,{at the top of the doox
where failgre first occurred), 1.5 mm for By, and'2,0-3,0 mn for Cyo
The clqse fit in the case of door B1 enabled it to give a2 much better
performance than door G,, slightly better even than door 4. A_direct
comparison between doors A1 and 01 is possible and it is apparent that
with & normal fit, i.e. gaps up to 3 mm between the door and the frame,
it is not possible to satisfy the integrity requirementé for 20 minutes
(as appropriate for + hour 'fire check' doors) if the frame rebate is
12,5 mn (4 in), Even with 25 mm (1 in) rebates and a good fit, failure

will probably occur at the edges before 30 minutes.

The swing door specimen D, had no stops but it was a very tight

1
fit in its frame (average clearance less than 0.5 mm,( /64"&)) The

ﬁ penetration of the fire through this door occurred at 11} minutes and the

failure would have occurred earlier had the clearances been larger,

550 The effect of the fit of the door

Specimens 31'&nd C1

effect of door fit, i.e. the size of the gaps between the door and the

allow a direct comparison to be made on the

frame. Both doors had stops providing 12,5 mm (%'in) rebates with

average gaps of 1.5 mm1(1/16 in) and 3.0 mm (% in) respectively. The
]

integrity failures were recorded at 22 and 12 minutes respectively.




It is apparent that the penetratlon of a door by flre is, 1nfluenced
not only by the depth of rebate but also by the gap sizes, the latter
probably being the more 1mportant factor. When c0mpamng_spec1mens.n1
and B1 it can be seen that w1th & smaller st0p, but much tighter flt, 5157

is p0381b1e to achieve a,comparable performance. e

.. If doors_are to perform their fire .protection purposes reliably it is
essential that not only should the frame members be of the right dimensions
but the fit of the door should be up to & specified standard. ~ This could
be achieved in practice if such doors were hung in their frames .at the
.factory and delivered to site as d complete assembly; This would eliminate
the normal procedure-of trimming the door edge to 'fit the frame, a process
difficult to control. : ' el ' ‘

It is also apparent from the test 6n'¢foor'])1 that a swing door having
no .stops and nc special sealing arrangements cannot reach the standard
required of .a } hour fire check ‘door even if extremely carefully made.

If the gaps between the door edge and the frame, or between meeting edges
had been 3 mm or. so, penetration of fire might have occurred in-less than

10 minutes, . - o e L

 B.4e - The effect of seallng the door e@gg h

% toe o

The flrst penetratlon of flre through a tlmber dopr:ggﬁéfélly ocours
at the edge of the doer, usual]y in the upper part. -Féilure is-céused
by the fire exploiting the gaps between the door- edge}anh the frame,
Vider gaps.quicken the fire penetration as shown in 5.3, A door may
have a very-goed fit and give & good performance in a, standard test, but
unless control is exercised to ensure that~a similar fit is medntained in
practice ‘the behaviour of the door in an actual fire may not be equally
reliable. . One of the ways in which the influence of the gaps'can be
mininised and a ‘good. performance assured is by the use of & specisl
< material along the .edges of' the door which hawve the property of
intumescing at high témperatures. One type of intumeseing materisl is
available in the shape of & 3 mm x 12 mmw (¥ x 4 in) strip and this was
employed in eight of the specimens tested,- two of which were the one
hour doeor types 'I' and 'J', There was a -significant improvement in
the performance of all the doors where the strip was used (Table 4) with
o+~ ~This door had a wood particle board core and
was only fitted with & single pair of hinges. The door was tested with

the exception of door E

the hingeside exposed to the furnace and bowing of the door caused the
top hinge to pull away from the frame. (Plate 2).
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The most significant improvemenis were in the cases of loasely fitted
doors and the swing doors havihg no rebated stop. Door C1 waéisimilar to,

and was exposed in the same manner as, door C,, The fire penetration time

14
for the latter door, which incorporated an iniumescent strib, more than
- doubled. (Plate 3), The swing door D, was a very good fit in the frame
(average gap lesa than 0,5 mm CQ?%4 in)); fire penstration occurred at

11% minutes without the strip, but when the strip was fitted no’penetration
had occurred with & similar door after a test duration of 31 minutes.
The strips used in the 55 mm door 'J', which had 25 mm (1 in) rebated
stops, enabléd the door to retain its integrity at the perimeter for a
65 minute test period, even though the frame had not been impregnated.
The other 55 mm door, door 'I', failed when the fire penetrated the edge

of the door at 35 minutes, Failure in this case however was due to

excessive warping of the door.

The intumescent strips used in these tests did not swell sufficiently
to seal the gaps until the door has been subjected to direct fire attack
for a period of 10 to 15 minutes, In many situations where a door is
required to prevent the passage of smoke it is located in & position where’
it may not be exposed to the full severity of fire and the temperatures
may not be sufficient to cause intumescence of the sealing strip. Hence
the use of these strips cannot be taken as a means of reducing the smoke

penetration during the early stages of a fire,

5¢50 The effect of door thickﬁéss

S3ix of the doors tested were of 40 mm thickness as opposed to the
45 mm required by B.S. 459. Four of these doors were otherwise of
B.S. 459 construction and the other two doors had & solid wood particle
board core. The latter two doors suffered badly from distortion during
the test and this was aggravated by the fact that only two hinges had been
fitted to these doors, Door ‘E2' in faet collapsed into the furnace
30 minutes after the start of the test. ~ 0f the six doors tested, five
were provided with intumescent strips at the edge. Door ‘G1' with a
25 mm stop and no seal just attained a + hour fire check performance.
The 40 mm doors appeared adequate for fire check requirements and in the
case of five of the doors the fire had not penetrated through the
thickness of the door panel at 30 minutes,. However, in the case of

door 'Fi', & 40 mm door of B.S. 459 construction, charring and -
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penetratién over a small area occurred on the face of the door at‘é6 minutes,
(Plate 4) this appeared to be due to & localised fault in the plasterboard
core. Even on the other doors of similar construction there were char
patterns forming at about 30 mlnutes and therefore there is no safety
margln in hand for a door of 40 mm thlckness and of hollow constructlon.

It is suggested that for 30 minute fire check purposes a 40 mm door of
either type is adegquate, but for a fully fire r931st1ng door for the same
period a thickness of 45 mm (1 in) may be necessary if this type of
construction is used. |

Pwo doors of 55 mm thickness were tested one similar to a B.S. 459

door in'construction and the other having a solid chipboard core. .Door 'I'
the B.S. 459 door, opened towards the furnace and suffered integrity
failﬁre at 35 minutes, because of excessive distortion. Both of these:
doors could provide one hour fire resistance if adequate attention is paid
to sealing the edges of the door,. To be certain of a full houruaflrg. ;
fésisténce with the door of B.S. 459 construction it may be necessary to
design a latch mechanism which restrains the free edge of the door more
_effectively. The distortion may have been exaggerated by the presence of
the offset glazing panel. When éxposed from the opposite direction the
distortion would be. reduced and an improved performance could have.been

expected.

5.6. Door furniture

An investigation into the performance of door furnitureﬁwés not
directly included in the progremme. It is, however, worth stressing
that the performance of a door is very dependent on the nature of fhe
fittingé useda. & lock was not included in any of the doors tested and-
previous experience has shown that unless a lock is fitted satisfactoril&
local-losa of integrity cam occur., Two of the doors supplied for test
were fitted with plastic latches; this was an error which was rectified
before test. It does, however, draw attention to the fact that
materials of low melting point should not be used in the furniture of
fire doors where & failure of the'component could lead to a failure of
the door, In addition to plastics, these remarks also apply to -

components made from low melting point alloys such as brass and aluminium.
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D«Te Glazing

If a door incorporates glazed panels, integrity failure may occur
by the ignition of the beading or the frame on the unexposed face due to
heat. being transmitted through the glqss. (Plate 5). This is usually
due to the combined effects of conductiompmradiation, and convective
heating, 1In the tests, ignition of untreated,timﬁer besding ocdurred
in every case except for doors 'C1' and 'D1' where the tests were
terminated at 20 minutes., The ignition time for the beading varied
between 17 and 31 minutes, and in only one case, i.e. dooOr 'Bé' was the
ignition time just in excesa of 30 minutes, It can be concluded that
a. door having glazing retained by untreated timber beads is unlikely to
attain & 4 hour fire resistance, For the majority of the doors ignition
ocaurred between 20 and 30 minutes, One glazed section in door 'B2' had
the bead on both sides of the door painted with an intumescent paint.

The failure time of 30% minutes showed that this type of paint cen be '
used successfully to protect the beading of a + hour fire resistiﬂg'door.
(Plates 6 and 7). Such a treatment however would often be outside the
direct control of the manufacturer. 4&s yet no information is available
on ‘the continued effectiveness of this method ér.protection if overpainted
with normal decorative treatmentgeat, a later date. A similar
performance could be achieved by providing a decorative metal capping. over
the bead. It therefore seems that to achieve the + hour fire check
| standard in a glazed wooden door the timber beading and the frame members
do not require any flame retardant treatment, but to attain a ¥ houf
fire resisting standard some preventative treatiment is necesé&ry. To
eliginate doubts about the durability of flame retardant treatments the
heading should be either non-combustible or covered with & non-combustible

material,

No direct relationship was noted between the ignition times and the
sizme of the glass, There was perhaps a tendency for the smaller sizes
of glazing to result in earlier ignition probably due to a higher level
of radiation falling on the glezxing bead. This increase in radiation
was attributable to the increaséd flaming on the exposed face of the door

due to the combustion of the unglazed area,

Glazing beads of 13 mm section were sufficient to retain the glasa
in‘the door even when the panel size was 0.93.m$i, .If miltiple glazed
panels are used it is important that the intermediate glazing bars are
of sufficient thickness to prevent the fall of glass., Test observations
indicate that the minimum depth of glazing bar should be 60 mm and its
thickness should be at least 45 mm, the rebates for the glass being'

worked from the solid material.
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The timber glazing bead of door C, was treated with an iﬁ%ﬁﬁéécent
paint'but premature failure oceurred when the fire penetrated between
the planted beads and the door frame. (Plate 8). It is ﬁreferable to
locate the glass in a rebated frame rather than by planted beading on
both sides of the glass,

In two tests (doora;'Gz' and 'H2') the glazing was retained by
aluﬁiniqm and PVC beading. Door 'G2' with the aluminium beading failed
at 17 minuteé the glass collapsing before the end of the test. (Piate 9).

Do 'H.' with PVC beading failed at 23% minutes. The aluminium

2
beading on the exposed side of the door deformed and came away and the
PVC beading was destroyed early in the test. Neither of these methods

of retaining-the glass are considered suitable for fire doors.

‘In thé case of the two t hour doors ('I' and 'J')%the glazing was
retained in position by steel beads with inserts of asbestos tapéo '
Ignition in the vicinity of the beading occurred at 5% and 40 minutes.’
respectively. The buckling of the metal beading was_primarily‘
re8p6nqible for flame penetration (Plate 10) and allowance for expansion
would have minimised this effect. With this modification this method
of fixing would appear to be adequate for 1 hour fire check doors, but to
prevent ignition for 60 minutes it will be necessary to improve further the
method of fixing. The use of steel beads with better inéulating and
masking arrangements to minimise heat tranasmission and to prevent the
formation of gaps, or the employment of a separate framing of asbestos

insulation board or similar material seem possible solutions.

The tests have shown that it is not necessary to limit the size
of glazed panels to less than 0.9 m2 (10 ftz) provided that adequate
precautions are taken to prevent the ignition of beading and the
framework., When no precautions are taken even with panels as small as
0.2 m2, ignition of the beading can oceur in about 20 minutes. The
factor likely to limit the size of the glass in a glazed door is the-
amount of radiant heat being transmitted through the glass. It has
been stated elsewhere3 that -if the ignition of combustible materials is
the criterion the maximum aceeptable radiation level is 3.3 kﬂ/mz.
Since the expected maximum radiation level from a compartment fire
equivalent to a ¥ hour fire resistance test is 1.9 kﬂ/m? it would seem Cad

unnecessary to limit the size of glass in ¥ hour fire doors.

The stabilitj of large glazed panels in one hour fire tests has

not been a subject of this investigation,
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580 Direction of exposure

Six types of door were tésted both opening towards and away from the
furnaces In only three cases (types B, E and H) could a direct comparison
be made of the effect of exposing one or other of the faces to fire
conditions, the iﬁteraction of variables influencing the result in the
other instances. Doors type 'B! performed gimilarly in both dlrectlons,
doors type 'H* however showed a difference, door ‘H1' 0pen1ng away from
the furnace failing at 26 minutes and door 'H2' opening towards the furngce
failing at 18 minutes. Doors"E1' and 'E2' also showed a difference in
performance, 'E1' failing at 30 minutes and 'E2' failing at 21 minutes.

It appeared that if a door had a tendency to deform when subjected to
heating, failure occurred at an earlier time when tested opening towards
the fire. The direct fire attackson the hinges and the latch plate
assists this tendency, Thia finding is contrary to the commonly held

' 4

view that exposure of the stop side represents an equivalent” or more

gsevere test condition.

5.9 The effect of positive pressure

Doors 52 and 'G2' were tested under positive pressure of
10 N/ (1.0 mm.Wg) applied to the fire side of the door. The penetration
time of the 'A' type door was reduced from 20 pinutes to 12 mlnutes.
Door 'G2' achieved fire check standard but this result was 1nfluenced by

the FIC strip used to seal the edge of the door.
6« Conclusions

An examination has been made of the performance of timber doors subjected
to the fire resistance test of B.S. 476 2 Part 1 : 1953 & limited number of
tests being carried out to establish the effect of certain design variables
and to ascertain the influence of changing the test conditions., A total of
eighteen doors .has been examined, Fourteen of these doors incorporated
vision panels of 6 mm (4 in) Ceorgian wired glass, sixteen were designed to
give protection against fire for a + hour period and two for a period of

1 hour.

This investigation has not been concerned with the use of ‘doors and no
attempt has been made to establish the performance requirements for a door
that is to serve a particular purpbse. There is a definite need for &
rationalisation of the requirements concerning the fitting of fire doors in
various types of occupancies and in particular it is necessary to draw a
clearer distinction between those doors which are required as barriers to
contain a spreading fire, and those doors whose main function will be to

reatrict the flow of smoke and hot gases.
- 14 -
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3,

4.

5e

10,

1.

12.

13.

Prom this investigation the following conclusions are drawn:

A door with 12,5 mn rebates is not adequate for 'fire check! purposes

unless tolerances on fit are controlled to better than 1.5 mm,

£ door having 25 mm rebates will achipve the % hour fire check standﬁrd
with ‘gaps of up to 3 mm but will not generally provide a full + hour

fire resistance unless some additional precautions are taken,

Doors having no rebated frame, i.e, swiﬁg doors, would hawe a low fire

resistance even if very close tolerances are specified,

The fit of a door is relatively more important than the dimensions of
the rebated frame in determining the fire performance, A door hawing
clearances in excess of 3 mm is likely to fail hefore 20 minutes “even

if the rebates are 25 mm in depth.

The use of an intumeseent strip to seal the edges of a door under fire
conditions greatly enhances the performance of timber doors, including

swing doors without rebated frames, ‘ _ o

Intumescent seals provide a possible method of achieving a 1 hour fire

resigtance without the need for impregnation of the door frame,

Use of intumescent strips should not, however, be regarded as a- '
substitute for a poor fit as the door would not then be an efficient

smoke barrier until the seal had been activated,

A 40 mm thick door of B.S. 459 construction can meet the requirements

. for a % hour 'fire check' door.

If the thickness is increased to 45 mm the door will retain its
integrity for the 30 minute period providing attention is paid to the
rebates and to sealing the gaps at the edge.

~ Doors. 55 mm in thicknes=m can provide a 1 hour fire resistance if care

is taken in sealing and restraining the edges of the door,

The doer frame sizes examined in the investigation were adequate for the

- periods of fire resistance for which they were designed,

Materials of low melting point should not be used for doors furniture

&3 their collapse may result in a premature failure of the door.

Glagzing retained in a door by untreated timber beads would not generally

impair the ability of the door to attain + hour 'fire check' standard.

- 15 -




14.

15.

16.

17.

18,

19.

20.

In order to achieve a 4 hour fire resistance standard it is necessary to
treat the timber glazing beads, Intumescent - paints proved satisfactory
fqr this purpose but metal -trim or non-combustible capping would provide_.
a more durable and reliable protection., Aluminium and PVC are not .

sgtisfactory materials to use for beading,.

Beading 13 mm in depth is adequate to retain glass up to 0.9 m? in area

in 4+ hour doors.

If the glass is retained by planted beads on both sidess flames can
penetrate beneath the beads, It is therefore recommended that the

glazming should always be located in a rebated frame,

.Glazed panels up to 0,9 m2 size are considered satisfactory for + hour

doors.

Glazed panels can be used in 1 hour doors providing the glaSS'is'retéined

in a suitably designed non-combustible frame.

Intermediate bars when using multiple glazed panels can be a source of
weakness, These should be at least 60 mm in depth and 45 mm thick for

+ hour doors.

Doors subject to marked distortion will fail at an earlier time when:

tested opening ftowards the heat source,
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EXPERTMENTAL OBSERVATIONS

Door Type A - 1 Construction - B.S. 459
' Thickﬁéss' - 45 mm
Rebate - 25 mm
Glazing - One panel 0,37 m2, 510 mm x 740 mm
Beading: chamfered hardwood
Bxposure ~ Opening away from furnace
Time to - %D:OO integrity failure ,
failure - : .

Test Results

Time from start Observations

of test

min sec

05.00 Flaming of exposed beading

07.00 Exposed face delaminating

08.00 ' . Considerable amount of smoke from top of @oor‘
12.00 OQuter skin, exposed face;fallen away compietelyi
20,00 Occastional flames from top left gap

22.00 : . .Top rail alight - o S
27.15 Ignition of window frame, bottom and L.H.S.
29,00 Vertical edges of door burning well

30.00 Test stopped

- 17 =



Door Type A - 2

Thickness - 45 mm
Rebate - 25 mm
Glazing = One panel 0.37 m2, 510 mm x 740 mm
Beading: chamfered hardwood treated with fire retardant.paint
Exposure - Opening towards the furnace
A positive pressure was maintained throughout the test
Time to - 12,15 integrity failure
failure

Time from start
of test

min sec
06,15

08,15
10,45
10,50
12015
17,00
27.30

30.00

Construction - B,.S. 459

Test Results

Quservations

Smoke from top and sides to glazming level
Beading fallen into furnace from top of window
All panelling and beading alight - exposed face
Smoke extended to bottom half of door

Flames from top of door - unezposed face

Flames spread down to glazing

Plasterboard core fallen into furnace

Test concluded, glass still in place. FPlaming limited
to glazing area on unexposed face
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Door Type B — 1 Construction — glazed . o e e

Thickness - .45 mm
Rebate - 12.5 mn _ o e
Glaging - Three panels of 0,31 m2, 530 mm x 585 mm

Total axrea 0.93 m2

Beading: hardwoods 19 mm x 19 mm on upper panels

ro.

19 mm x 13 mm on lower panel
Exposure -~ Opening away from the furnace

Time ta ~ 22400 integrity failure
fad lure

Test Results

Time from start

of test Observations W TreT :n
ma gee o
05.G0 Fleming of exposed face beading . ~n
11,00 o Slight spokelfrom top of door | L s
15.00 Stop breaking away. Lower pane pead%pg falling away.,
20,00 Furnage visiblg down closing.edge,crack,- 3 mm wide -
22,00 Furnace viéible aiong-edges below handiq_level Ry
22430 Ignition of window beading on all panes
25.00 Ignition of closing edge below handle -
27.00 20 mm gap along hinge edge, top rail well alight
.29.00 Vertical edges well alight
30,00 Test stoppeds Cross rails were nearly burnt through

and the glass of the top panel was free at the upper
edge, being close to falling out
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Door Type B - 2 Construction - glazed
Thickness - 45 mm
Rebate - 12,5 mm
Glazing - Three panels of 0.31.m%, 530 mm x 585 mm
Total area 0,93 m?
Beading: Upper panel, untreated hardwood
Centre panel, hardwood with intumescent paint

Lower panel, asbestos 19 mm x 19 mm

Exposure — Opening towards the furnace
Time of - 26,00 integrity failure
failure

Test Results

Time from start Observatians
of test

min sec
06.00 "Upper windbw beading ignited on exposed face
10.00 Centre beading ignited on exposed face
23,00 B Glowing of frame near latch
25,00 Gap by latch 70 mm x 5 mm approximately
26400 Gap increased to 12 mm |
30430 Top panel beading, ignited
30.45 Centre panel beading ignited
21,00 Test concluded
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Door Type C - 1 Construction ~ B.S. 459 ST

Thickness = 45 mm . Coe
Rebate . .- 12,5 mm |

Glaming - One panel 0,37 m%, 300 mm x 1200 mm °

~, -~ Beading: chamfered hardwood

Exposure - Opening away from the furneace

Time to - 12,00 integrity failure

failure

Test Results

Time from start

of test Observations |

' min sec :
05.00 Warping top right hand corner
06.00 Smoke from top of door - RS e
08.40 Intermittent flaming from top left hand side of'débi
12.00 Furpace visible all round door, gaps exceed 6 mﬁ"-
15400 Sustained igﬁition on unexposed face e
16,00 Top of door well alight
17400 Top and sides of door well alight
18400 Gap along elosing-edée about 25 mm o
20,00 Test stopped
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Door Type C
Thickness
Rebate

Glazing

Exposure

Time to
failure

-2 Construction - B.S. 459

- 45 mm

- 12.5'mm with intumescent strip fitted to perimeter of door
— One panel 0,37 m2, 300 mn x 1200 mm

Beading: chamfered hardwood treated with fire retardant paint

on fire side
— Opening away from the furnace

— 28,00 integrity failure

Test Results

Time from start

of test

min sec
06,00

12,00

12045 .

13.45
16.00
16415
22,00
26445
28.00
28.55
32,40
33.00
33415

Observations

Smoke from top of door
. Tpp_left strip began to operate

Jlﬁ;ﬁtrip starting to seal at top right
Strip sealed top of door.
Beading falling on exposed face . -
Sealing strip appears effective down to handle
Smoke from beading ¢
Intermittent flaming of top léft beading
Failure between frame and beading bottom left
Ignition of top left beading
L.H.3. window beading ignited
Extensive flaming on both vertical heads

Test concluded
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Door Type D
Thicknesa

Glaxing

Time to
failure

Time from start

of test

min sec
' 08,00

11.00
11,30
14.00
14.30
1730
20,00

1 Construction ~ glazed ¢l e

45 mm, single leaf of double swing door . .

One panel 0.93 m?,4550 mm x 1675 mm L .

Beading: chamﬁergd hardwood, 19 mm x 12.5 mm

1130 integrity failure

T ) [

Test Results

-Observations
Intermittent flaming from top L.H.S. _
Smoke from top of door Ce e r
Gap at closing edge about 6 mm .
Gapg_of 10-15 mm ' . R £

Flaming on hinge edge at. top sy (£
Gaps at lower half about 25 mm

Test stopped L e oy
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Door Type D - 2 Construction - glazed

Thickness - 45 mm, single leaf of double swing door

Glazing -~ One panel 0;93'ﬁ2, 550 mm x 1675 mm
Beading: chamfered hardwood, 19 mm x 1245 ui

Intumescent strip fitted to perimeter of door

Time to = 25,00 integrity failure
failure | L

Test Results

Time. from start

of test Observations

min sec.
09,00 Strip at top of door intumescing
13.00 Most of closing edge sealed by strip
25,00 Ignition of top bead - unexposed face
29,00 Ignition of side bead =
20.00 10-15 mm inwdrd warp at closing edge
31.00 Test stopped

-~ 24 -
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Door Type E - 1

Thickness = 40 mm, solid wood particle board core . ..
Rebate - 12.5 mm
Intumescent strip fitted to frame
BExposure = Qpening away from the furnace

Time to - 30 minutes
failure

Test Results

Time from start

of start Observations
min sec .
07.00 Furnace visible along hinge.edge . and top left o_f\.-l-‘c-loaing
edge _ .,
11;00 B L;aarge gap t0p left vert:.c:al edge. ‘; _
12,00 Smoke from top left ; |
14.00 Stnp sealing at top “ }
200007 4Mgap lowerLH.S.l
30,00 S Bottom edge deformed outwards beyond str:.p o
35.00 Bottom corner burnht};rough N S
38,00 Plaming around latc._h ares . , . _
39,00 Pest stopped ) _ ey

el o

Y
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Door Type B ~ 2
Thickness ~ 40 mm, solid wood particle board ¢ore
Rebate - 12.5 mm E

Intumescent strip fitted to frame

Exposure - Opening towards the furnace
Time to - 21,00 integrity failure
failure

Test Results

Time from start

of test " Observations
min sec
06230 * - “Smoke from top of door - s
09.00 Flaming v1s:.ble (not penetratlng) at bottom R. H.s.
13.00 Glowing v151ble centre L HeSe
16.00 Smoke from centre L H.S. |
21.00 Bowing at top right corner, w1th consequent gaplformatlon
23.00 Bowing at t0p about 10—15 me with flamlng along._

: L

top and sides

24.00 Top hinge broken away
20,00 Door fallen into furnace
20.30 Test concluded
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Door Type F ~ 1

Thickness -~ 40 mm

Rebate - 19 mm ve
Intumescent strip fitted to frame -

Exposure - Opening away from the furnace Lo : A
Time to - 26.00 integrity failure

failure

Time from start
of test

min sec

10,00
16430
22.00
25.00
26.00
30.00
34,00
38.20

39.00 - ..

Construction — B.S. 459.- I

Teat Results

Observations o

Plywoed falling from exposed face _. - T
Plasterboard. cracked on exposéd face .. R
. Some plasterboard falling into furnace:, RPN

Charring of unexposed face, -lower half centrally.
Small penetration on face - R ST
Bottom edge deformed beyond. strip leaving a gapir..:
Strong dhar.pattern. Strip not forming smoke seal .

Ignition -of unexposed face - . . Sy

Test concluded
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Door Type F - 2 Construction = B.S. 459 R P 2

Thicknesss = 40 mm o - PR SR IR e

Rebate - 19 mm : - -

Intumescent strip fitted to frame

Exposure - Opening towards tH&%furnace -
Time to -~ No failure Pt e i
failure )

Test Results . ..

Time from¥start

of test -+ . “Observations
min sec

0740 Fierce flames on ‘exposed face ' EE

15,00 Gap at ‘top R.H.S.'about 5 mm :

17,00 Plasterboard panels visible on exposed face

21,05, tf " ~R,H.S. top corner distorted about 5-mm R

21,40 Smoke from top of -door momentarily SRS

2%.00.° .  Bowing increased - to 10 mm

23,20 - - Smoke from all along top edge -

32,00 Unexposed panels beginning to darken:

33415 Test concluded — door intact except for scorching -6f
. panels and at top R.H.S. cormer
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Door Type G - 1

Construction - B.S. 459 ey e

Thickness ~ 40 mm

Rebate . = 25 nm

Glazing - One panel 0.23 m2; 480 nmn x 480 mm

Beading: chamfered hardwood 19 mm'x 13 mm

Exposure - Opening away from the furnace

Time to - 21.30 integrity failure

failure

Time from start
of test

nin sec- -
11.00

19.30
2i.30
23.00
33400

35.00

Tesf stopped

Tust Resulta

Observations

Inner plywood skin fallen into furnace

mEsert e e
PL L USRI

Gap along hinge edge about 3 mm
Ignition of beading on all but R.H.S., unexposed face -

Ignition of R.H.S. bead, gap at edge 6 mm

Glass falling out

,
iy
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Door Type G - 2 Construction — B,S. 459 T CECAE

Thickness = 40 mm - s e

Rebate — 25 mm with 5 mm dia. tubular P.V.C. sealing .strip. - -"--
Glazing - One panel 0.23 m, 480 mm' x 480 mn - -’
Beading:* Aluminium*‘angle, 13 m x-13 mm“x-3.2 mm thick on
both sides .. .. . R P S
. ST T, D L b U RIS i ] i
A-'.E-<
Exposure -~ Opening towards the furnace with positive pressure maintained
throughout the test - . - ™
Time to - 17,00 integrity failure
failure '

Test Results ”

L -~ u RUPEE

Time from start

of test Obsgrvafiﬁns '

ib.bon- | Aﬁeading buckled exposed facg

10455 ' Smoke ;illalong R.ES. .

11.15 Beading bowing at top, unexposea facgiq_ o

16430 Beading falling away into furnace from top of paﬁel
17.00 Flames from behind beading, top of panel, unexposed face
22415 A1l exposed face beading fallen off

24,00 Glass fallen into furnace

25.00 Large gaps at top edge of door

30,00 Test concluded ~ flames not extended beyond glazing

aresm, Charring just visible R.H.S. unexposed panel
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Door Type H - 1 C.ongtmcfciop = B.S. 459 .

Thickness - 45 mm

Rebate ~ 25 mm

Glaging - One panel 0.23”@2,,759 mm x 300 mm ..
: Beafiing:. chamfered hardwood, 19 mm x_“l'?.5.ml_n

Exposure - Opening away from the furnace

Time to - 18,45 integrity failure . R
feilure
- ML,
Test Results
Time from start T
of test Observations )
min sec
11.00 Slight charring of window bead
17.00 Hole developed-behind:bead.. .-
18445 © "z-. Ignition: of beading =~ = . - .

26,007 <-Frame glowing at top

30.00" * *7 Gap at centre hinge aboit 10-15 mm

L 2 A NP e
35.00 Test concluded

epy
It
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Door Type H = 2

Construction < BeS. 459

Thickness - 45 mm i
Rebate - 25 mm ' o
Glaging - One panel 0.23 m2, 750 mm x°300 mm’ ' =~ *°
ﬁeadiné:”‘P;V;C. qﬁadiénf, Q;E%mm radius on’both faces of
glazing . secured with panel pins -
Exposure - Opening towards the furnace- T s
Time to - 18,00 integrity failure
failure R
Test Results T
Time from astart . .
of test Observations
min sec ’
10.15 P, V.C, beading peeling away from.frame. L
12.00 Beading melting at top of glazing, unexposed face .
18.00 Bowing towards furnace at -top R.H. cormer, with 7,
consequent 8ap. formatlon. i Beadlng burnlng &n@
falllng into furnace. Beadmng smoklng on unexposed
face . Vvt ". M
20,00 Flames visible top R.H. corner
21,00 Glowing under beading, bottom left of panel
22.00 Beading fallen R.H.S.
234,30 Ignition top L.HE.S. by glazing
30.30 Test econcluded
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Door Type I Construction - B.S. 459

Thickness - 55 mm

Rebate - 25 mm. Frame - one hour type but no impregnation™ %

Glaging - One panel 0.36 m%, 1200 mm x 300 mm = - . - 772

1

<+ - Beading: stainless steel, secufed-With“scre&s, embedded 61

woven asbestos . e

Intumescent strips wereﬁipcateq in. the door perimeter and the frame

Exposure - Opening towards the furnace
Time to - -~ 34.45 integrity failure - ’ ‘ ' ' Cha T
fai lure

fode

Test Results

Time from start

of test Observations.

min sec N L e
07.30 Exposed face steel beading distorted L.H.S. and Lo

bottoh corners y
15 20830 5 - N
- Spalling of asbestos facing on exposed face

10.30 L B )
13,00 Small gquantity-of smoke. top R.H.S. - AT
15.45 ;- -Vertical steel beading buckled by 20-30 mm oﬁ exposed face

. 30.00 ...  Exposed.face asbestos board peeling-away
32.30 . - Unexposed R.H.S. bead buckling
33420 Char visible through gap at -top.R.H.S.
34,10 Occasional flames from top L.H.S.
34.45 Ignition unexposed face top corners. Door bowed away

from stop. Seriogg distorﬁion of beading .

40,00 Gap to hinge from top ‘
41,30 Top edge flaming
46.10 Window beading buckled away from wood on vertical sides
53.00 Flames around top corners of window beading
55,00 Top gap 70~80 mm., Extends to 150 mm above handle
55.45 Beading area ignition at centre of RfH.S.
60.00 Flames around beading down to handle
65.00 Test concluded. Exposed face plasterboard still in position
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Door Typeiq_ .. _  Construction - solid particle board _ Ve s
Thickness - 5% mm coe A i
Rebaﬁg. . - 25 mm. Frame - one hour construction but no impregnation
Glaxing - One panel 0.5 m>, 1000“mm %500 mm
Beading:  stainless steel, secured by -screws;' embedded ‘on'*
woven asbestos

Intumescent strips were located in the. door perimeter and the frame-

Exposure - Opening away from the furnace
Time to - 40,00 integrity failure - EES
failure

Test Results

Time fromistart

of tedt .. - .- ' . Observations. - Lo .
min sec
14,00 Sllght smoke from top L.H.S. S SN
16415 o Smoke emitted B.E.S. above handle | SRRt
17,20 Smoke - from window frame both sides - SAEE
'18.15. ... . . Smoke increasing on R.H.S. and around-handle ' * '
29.00 ‘Steel bedding not buckled. - Smoke frém lower L,H.S,
40.00 Ignition of unexposed face above top beading
46430 Flames confined to beading at top
48,00 Steel buckling 6nly at top edger "~
*w;.'52.00‘ -~ -Bowing outwards at handle S L
53.00 ' Smoke from tdﬁ L.H. ¢orner -
65.00 Test concluded -
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Table 1, Summary of Door Constructions

- - . . P v

S R | .| | 7 cLazING BEAD
» ' Depth- C'FIT'. | Type Approximate Area Pane , N '
gggr Constrﬁctign Th?:§§e?5 ﬁégite (Abprog) of : of 'é : ) Size ' Sec#ion Regized Type of
: ' : (mm) - mm :;) S?al | E}las:s.(m. ) ': (mm) (mm) | sige treatment

A, L59% L5 25 :53.0{ None 0.37 i 516 x o | 19 | Yes None
A, 459 45 . :25 _ 1.5 ang 0.37 510 x 740 ' 19 | Yes - None
B, |Fully Glazed| 45 [ 12.5 1.5 | None |3 x 0.3 = 0.93 (530 x 585)x 3| 19 Yes None

: . . - - 1. None
B, |Fully Glazea| 45 | 12.5 | 1.5 |Nome |3 x 0.31 = 0.95 {(530 x 585)x 3| 19 Yes [2. Int. Paint®

o . : . 3. Non Combustible
c, 459 45 | 12.5 | 3.0 |None | - 0.37 300 x 1200 | 13 | None
C, 459 45 12,6 | 3.0 |1s% | o0.37 300 x 1200 | 13 Int. Paint®
D, |Fully Glazed L5 Swing |£_1.0 | None 0.93 1675.x 550 | 13 None
D2 Fully Glazed 45 Swing (&£ 1.0 { IS 0.93 1675 x 550 13 _ None
E, | Chipboard 40 12.5 1.5 | 1Is Nil . - L - -
E, | Chipboard 40 12.5 1.5 | IS . Nil - - = -
F, 459 4O 19 1.5 | 18 Nil - - - -
F, 459 40 19 1.5 | 18 Nil | - -] - .
G, 459 40 25 1.5 | None | 0.23 | 480 x 480 | 13 None
’Gz 459 40 25 1.5 |P.v.Cc.] ° 0.23 ‘| 480 x 480 Aluminium

H1 459 45 25 1.5 | None 0.25 ' - 750 x 300 13 _ None
H, 459 45 25 1.5 | None | 0.25 - 750 x 300 | P.V.C.
I 459, 55 25 '} 1.5 [2 x Is| 0.36 | 1200x 300 | . . Steel
3 | Chipboara’ 55 25 1.5 |2 x 18- 0.50 1200 x 300 Steel

* 459 - Denotes door to B.S. 459 Construction where applicable

¥ IS - Denotes Intumescent Strip Seal

* Int. Paint - Denotes Fire Retardant Intumescent Paint
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Table 4. Summary of results showing performance of door/frame assemb}f

. . gr ' f Tize of gap: Time of ignition Tes%‘é
Door Q;recy;on Prg§§ure formation 'mgf unexposed_l. _operatidn
: - ace at edge i
, (min) (min) (min)
g | ‘20 22 50
Ay . R+ - | Positive | Not observed 124 - 30"
By - 25 30 ;
BS IR B 26 None 3
AT A 12 15.- 20,
] bz' o é‘ Not pbsérvéd;_ Not ébéerved.1 f335 E
o T TR
52 ; Not observed | Not cobserved 31
E, L . 30 35 39
B> Ri : 21« | Not observed- ' |% 130
31 ‘ 30 26 (on face) 39 !
R, 7| TR Not obsérved | Not observed 33
4oe | 23 Not observéd - i35
G, "R Positive | Not obserféd 25 30‘_;
H, 26 Not observed ‘55
H, R 18 20 30
I SR 55 343 65
J i Not observed | Not observed 66
R Ae#gtg% épér opening towards furnace (stops exposed +o heating) ,:
N ’
L - 36 - ?
L K
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Table 5. Summary of fest results showing performance of glazing

Radiation ;
Time of Test falling - . '
Door ignition d . on Comments
uration . )
of | beading o
beading at 20_min
(min) (min) | (w0 o®)
Ay 274 30, 2.7 Radiation failure
A2 17 30 Positive pressure, flame tranafer from
top of door '
B, 22% 30 4.6 Radiation failure
B, 30% 31’ Radiation failure (treated bead flashed
from untreated bead above).
C, Not observed 20 9.6 Test stopped 20 min
C, 28 33 Flames under bead o
G, 21+ 35 Radiation failure, glass fell out at
‘end of test -~ ~ )
G2 17 30 Positive- pressure, -glass-fell at 25 min
H1 187 . 35 Flames under besad
H, 2%+ 30%- Flames under bead
D, | Not observed 20 5.4 Test stopped 20 min~ "~
D2 25 31 B
I 55% 65 1 hr door = -
J 40 65 ‘1 hr door
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Table 6. Ranking of doors in order of failure times

Overall failure | BEdge failure Glazing failure
Door Tinme (min) Door Time (min)' Door Time (min)
i Dy 1% D4 111 Ay 17
2 | ¢ 12 Cy 12 Go 17
3| A 1o} by . 12b H, 183
4| G 17 " H, 18 ey T 2%
CHy 18 L A L0200 ‘By 22%
_6 | H 18% CByx 21 Hy . 2%%
T oA 20 By . 22 D, 25
8| ¢ 214 ¢, 25 A 274
9 | K, 21 6, 25 ¢, 28
10| B 2. | By 26 ‘B,  30%
| Dy 25 | B - 26 | ey - oceor
12 | By 26 | Py 30 - | D, o0+
13 | Fy - 26 Ei* 30 - I 55%
114 1. ¢, . 28 Po* 33+ J . 40
15 | E. .30, .. C,o* 33%.
16 | F, 33* . | .Dy* 31+
L I S Y SR I R 7+ S .
118 J 40 ] g 65t

* Denotes use of intumescent strip

+ Denotes test terminated at this time
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