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. INTRODUCTION

Pire tests must necessarily be made under standardized conditions,
There is no question that a great variety of conditions will be met with
in actual fires, both with regard to the fire itself and to the loading
and restraint to which an element of structure is subjected, It is
generally agreed that the standard fire shall be a constant-factor in all .
tests znd that the loads applied to the specimen in the test shall produc+
stresses of the same magnitude as those which the element is designed to
support in service, With regard tc restraint, however, there may be an
argument for attempting to reproduce more closely than is the practice at
present the actual conditions in a building when a fire occurs,

The conditions at the edges or ends of a given type of structural
element vary widely in different buildings and in different parts of the
same building, Any attempt to alter from test to test the restraint applied
to a given type of specimen is difficult to apply, even if the appropriate
conditions of restraint can be determined., In the United Kingdom restraint
is applied to floors, beams and walls in a standard manner, For example,
concrete floors are constructed for test purposes in a frame of steel
beams encased in concrete to similate the effect produced in a building by
the beams surrounding a flcor panel., The degree of restraint obiained in
practice may be greater than this, as when one or two panels of a large
floor are exposed to fire; or less, as wheén the complete floor is heated
at the same time, A similar argument applies to non-loadbearing walls
which are constructed for test in a heavy steel frame protected with.
concrete which applies a high degree of restraint at all edges,

The conditions at the edges of a specimen in the fire test may have
a significant influence on its fire resistance, since they will in
general affect the deformation produced during fire exposure, The following
notes describe the conditions adopted at the United Kingdom Fire Research
Station for floors, beams .and walls, arnd cite test data showing the effect

on fire resistance of varying the restraint applied to given types of structure

Effect of edge conditions on fire resistance

(1) Floors

A type of floor which may be simply supported in service is tested
in this condition, Timber floors are always tested simply supported, and
generally floors constructed of factory-made units are most appropriately
tested in this wvay., An exception is made where a floor conatruction of
this type is designed for a particular purpose which involves a given
degree of restraint, Then for this application the intended method of
restraint, may, if practicable, be adopted for the test, ¥Floors which are
restrained in the test are those containing reinforced concrete slabs
and these are all treated alike, being constructed in a standard "restraint"
frame which gives a reasonable degree of resistance to the expansion of the
specimen and to angular movement at the edges.
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The standard restraint frame shown in Figure 1 consists of rolled
steel beams of I-section, 12 in, x 8 in, x 65 lb/ft, forming a rectangle
with inside dimensions of 12 £t 5 in, x 10 & 5 in, At their junctions
the members are connected by angle cleats and gusset plates, When the
floor specimen is cast, concrete, monolithic with the slab, is placed
round the frame members, and the continuity reinforcement is bent round
them and embedded in the concrete, Originally the frame was made of
12 in, x 5 in. members (two 6 in, x 5 in, beams placed one on top of the
other), but the heavier frame was substituted after experience had shown
that thick reinforced concrete slabs caused considerable distortion of
the lighter frame, Heavy frames have now been in use for about 18 years,
and when encased in concrete are sufficiently rigid to withstand, without
significant distortion, the stresses imposed by the largest specimens, as
shown by the relative ease with which the frame -assemblies can be unbolted
and taken apart when required to be stored, The support moments appear
from the behaviour of specimens to simulate reasonably well those which would
be provided under normal loading conditions by continuity of a construction
over supporting beams, Information is lacking at present, however, of the
effect on a contimuous structure of exposure to fire of one portion of it,
but an investigation is being planned to provide data on this aspect, and
these will enable also an appraisal to be made of the validity of certain
of the assumptions made in restraint.

The effect of restraint, of the degree described above, on the fire
resistance of three types of floor has been obtained by testing both
restrained and simply supported specimens of similer construction as
follows:- ‘ :

(a) PFiller joist floor 6 in, thick; joists 4 in, deep with 1 in,
concrete cover top and bottom; gravel aggregate concrete;
no plaster, .

Test data
Resj:rained floor Simply supported floor
Imposed load 60 1b/ft2 25 1b/£t2
Duration of test 2 hours 3 hours 35 minutes
Mode of failure Did not fail - Local temperature rise
on unexposed face
Maximum deflection 1¢5 in, : 104 in,

(5.5 in, at 2 hours)

(p) Reinforced concrete slab floor 4% in, thick; main reinforcement
$ in, diameter with % in. concrete cover; gravel aggregate '
concrete; no plaster, :

Test data
Restrained floor Simply suvpported floor
Imposed load 150 1b/F£2 : 75 1b/ft2
Duration of test 42 mimites 1 hour 22 mimtes
Mode of failure Formation of hole Collapse |

Maximum deflection 3 in, 6 in, at 50 mimutes
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{(¢) Hollow clay tile floor 55 in, thick with & in, plaster on

soffit; clay tiles 4 in, thick;

" concrete 1% in, thick

over tiles; 2 in, cover to reinforcement in concrete ribs;
gravel aggregate concrete; soffit plastered,

Test data

Restrained floor

Tnposed load 115 1b/£t2

)
Simply supported floor °

75 l'bZ ft2

Duration of test 2 hours 23 mimtes 2 hours 46 mimites

Mode of failure Iocal temperature Collapse
rise on unexposed

face

22,6 in, at 2 hours
40 mimates

Maximum deflection 5.0 in, at 2 hours
' . 20 minutes

It will be noted that as far as complying with the "insulation"
requirement for Pire resistance is concerned, there may be little
differerce between restrained and simply supported floors, as in le),
but that restraint is more favourable to the occurrence of spaliing of
concrete and may lead to earlier "integrity" failure of a restrained
floor as in (b). At present British Standard 476 (1) defines "load"
failure of an element of structure as collapse, and since there is no
limit on deformation a restrained floor may not be superior to a simply
supported floor since "insulation" failure of a simply supported floor
may ocour before collapse (a).

(2) Beams

Comparative tests have been made on two typesof steel beanm under
conditions of simple support and of a high degree of longitudinal and
angular restraint, In addition some evidence is available of the effect
on fire resistange of applying longitudinal restraint to prestressed
concrete beams, The frame in which the beams are mounted for test is
shown in Figure 2. I is in the form of an inverted "U" of heavy steel
beams, the joints between the vertical legs and the horizontal mewber
being designed to develop the full moment of resistance of the section,
Protection of concrete was cast round each leg, and this concrete was
monolithic with that of the restrained beams., Under these conditions
the comnexion of a steel beam 4o the restraint frame by means of (‘lﬂafs
behaves very nearly as a perfectly rigid joint (2),

(a) Steel beam of I-sestion 10 in, x 4% in, carrying . reéinforced
concrete slab 4 in, thick and encased in concrete giving
cover of 1 in, at sides and bottom,

Test .data

Restrained beam Simply supported beam

Imposed load (central) 10 tons 10 tons

Duration of test 6 hours
Mode of failure Did not fail

Maximim deflection

7.9 in, at 6 hours
(0.5 in. at 4 hours)

% hours
Did not fail

€.,1 in, at 4 hours
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(b) Steel beam of I-section 7 in, x 4 in, encased with concrete
giving side and bottom cover of 2 :in,

Test data _
Restrained beam S:me],y sup_‘gorted. 'beag
Imposed load (central) 5‘-5‘?&_:113 | _ . 3-9 tons
Duration of test - 5 hours 26 mimtes. ‘ 3 hours 46 mimtes
Hode of failure Did not fail . © Did not fail
Maximum deflection . 340 in, at 5 hours o | 3 0 in, at 3 hours
“25 mimgtes - | - 45 mimutes

(-0 6.in, at 3 hours -
45 m:.rmtes)

(c) Prestressed concrete beams w:Lth post—tens:n.oned ca'ble, cons:_st:.ng
of in situ concrete -slab on preca.st beam 9 :_n,'deep x 5 in, wide;

gravel aggregate concrete. '. ;:- B
Test data.
Restrained bean .; Simply supported beam
Imposed load 10.9 tons = o 1049 tons
Duration of test 1 hour 29 m::i.zln.zte;s +° 4 hour 38 minutes :
Mode of fa:l.lure - Fracture of eomr‘ete," Fracture of concret-e
and yield of cable . - and yield of cable,
Maximm deflection 0.66 in, at 1 hour " 3,0 in, at 1 hour
25 m:i.m.tt‘es | 30 mimutes-

Since for beams the only criterion of failure in the test of
B.S.476 is collapse, no clearly defined end point can be determined in
testing restrained steel beanms mth concrete ericasements, The test data
show that the degree of restraint is unlikely to be critical umless failure
is also defined in terms of deformation., With prestressed concrete beams
of the dimensions given, a high degree of longitudinal restraint did not
significantly affect the fire resistance, but the influence of restraint
on mode of failure is worthy of note, Collapse occurred with little
warning, without the gradual increase in deflection as in the simply
supported heam, The liability to fail in this marmmer is an undesirable
property in structural elements of any type, and other things being equal,
a form of construction which yields gradually is to be preferred, ..
Therefore, for prestressed concrete beams which may be restrained in
service, it may be .necessary to introduce in the test a high degree of
restraint in order to show. the effect of poss:l.hle end cond:.t:.ons on then.r
fire behaviour,

4

(3) Walls and partitions

(a) Loadbearing walls

Tests on loadbearing walls are made on elements which have their
vertical edges free, and no data are available on the effect of introduecing
lateral restraint on the fire resistance of a given type of wall,. The
method adopted was similar to that used in romrmal structural testing, and -
there do not appear to be sufflclent grounds. for 2ltering this practice,.
especianlly as a complication of the test equ:.pment would be 1nvo,1ved
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Th:.s could hardly be Justlfled in viéw of the’ relat:.ve un:.mportance at
present of loadbearing walls of such a small thickness that their fire
resistance is in doubt, In general the thickness necessary for
structural purposes ensures that the fire requirements will be amply met,

(b) Non-loa.d‘beanng walls

All ‘non-loadbearing walls are tested in the same manner and no
attempt is made to change the edge conditions according to the type of
construction being tested, Comparative tests are lacking, therefore,
which would enable an appraisal to be made of the effect of restraint
on fire resistance, Specimen walls are built for test in the 10 £
square opening of a restraint fmme constructed,as shown in Figure 3,
of heavy steel beams of 24 in, x 72 in, x 90 1'b/ ft section encased in
refractory concrete, Observations of the behaviour of walls -during a
fire test lead to the conclusion that a frame of this construction
imposes a high degree of restraint on the specimen, and that consequently
a test made in this way represents the extreme conditions which might be
encountered in service, Although such a test can be regarded as the most
severe, experience has shown that with the greater proportion of walls
this is not of prime significance, for while the deformation of a given
type of specimen is greater than would be obtained with less restraint,
this is rarely likely to lead to earlier collapse or integrity failure,
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