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and dimensional scaling factors, and the limitations in their anplicction
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THE SCALING OF DIMMISIONS Lf B, 8., 476 FIRE-RESISTANCE TESTS

by

J. H., McGuire

1) Introduction

The furnace testing of elements of structures (such as walls,
columns, beams and floors) in accordance with the fire-resistance test
of B.S. 476 incurs considerable expense and involves specialized and
very expensive equipment, It would therefore be valiluable if, from the
result of a test on any structure,ths result to be expected from
similar structures of different scales could be calculated,

By using an electrical analogue (1) to solve a number of provlsms,
tables have besn derived which relate the dimensiongl scales of
structures and the timss to attain specified temperatures.

In the first instance, these tables are only applicable to fire-
resistance tests on structures which are not damaged by fire and in
which conduction is the n%y heat transfer process talking place. In a
previous note, however, ?2 it has been shown that a number of processes
which occur in problems described broadly as "thermal conductivity”
problems obey laws similar to thosge governing thermal conductiviiy,

The occurrence of these mrocessss, described in paragraph 4, does not
therefore, invalidate the use of the tables,

The practical application of the tables assumes that the general
behaviour of the structure about which predictions are being made will
be the same as that of the structure tested, This assumption must be
Justified. An example where this assumption was fallacious is described
in paragraph k. Four scales of prestressed concrete beam were tested
and only in the largest did the concrete cover to the prestressing wires
fall away during the test. The result for this beam was not therefore
related to the others as would be expected from Table 2, The result
was not due to unusual circumstances and it is found, in fact, thax
such falling away can be expected where large thicknesses of concrete
cover are used without reinforcement.

2) Definition of "scaled structures’

For the purposes of this note one structure is considered to be
a scaled replica of another if all dimensions in which there is a
component of heat flow in the one structure are related to the
corresponding dimensions in the second structure by the same factor.
Dimensions in which there is no componen” > heat flow do not influence
-the thermal problem and may be related by other factors, Thus in a
cylindrical problem, in which transfer occurs radially, the height of
a specimen may be considered scaled by any convenient factor. Similarly,
in a problem involving a wall consisting of laminae of one or more
materials, all heights may be considered scaled by one factor whilst
a different factor may be applied to widths,

3) Fire-resistance scaling tables

Table 1 relates the times for a temperature rise of 14C°C to
occur on the unexposed faces, to the dimensional scales of walls or
bulltheads subjected to fire-resistance tests in accordance with
B.S. 476,

Teble 2 relates the times for temperature rises of ﬂBOQC to
LO00°C to occur at the centres, to the dimensional scales,of columns
subjected to fire-resistance tests in accordance with B,3, 476.

Ag mentioned in the Introduction there are limitations in the
application of the tables and these are detailed in poragraph L.
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The following example illustrates the use of the tables. Suppose
n 4 inch wall, subjected to a B.S. 476 furnace test, failed in
81 minutes because the . temperature of the unexposed foce rose
by 139°C and supposing the failure time of a similar 6 inch wall,
subjected to the same test, were required, The dimensional scaling
factor is 6 + 4 = 1*5 and as 81 minutes lies between 1 hour 10 minutas
end 1 hour 40 minutes Table 1 gives the result that the time multiplica-
tion factor would be 1.98, The 6 inch structure wculd therefore have
a fire-resistance time of 1:98 x 81 = 160 minutes = 2 hours 40 minutes,
failure again being definsd as due to a temperature riss of 139°C at
the unexposed face,

Where time predictions are being made concerning tewperatures at
the centres of walls or bulkheads the cooling to the atmosphere at the
unexposed face scarcely influences the problem and Teble 2 will be
found applicable,

Yhere temperatures at points in columns other than the cenire
are being considered, it was found by the use of the cnalogue, thsat
time multiplication LQCuars greater than unity given by Table 2 needed
to be reduced and those less than unity increased (by up to 20 per cent
depending on the point considered). The structures about which snalcgue
predictions were made in order to derive the tebles, are listed in
Appendix 1,

%) Limitations_in the application of the tables

The principal limitation in the practical application of the
tables is that it must be lmown that the general behaviour of the
structure about which predictions are to be made will be the same as
that of the structure tested. The importance of this factor is best
illustrated by Table 3 which lists the failurs times of four scales
of a type of prestressed concrete beom together with predicted times
based on one particular result, ailure was actually by collapse but
the tables were applicable because it was found that collapse occurred
when the prestressing wires atteined o specified temperaturs. The
table derived for columns (Table 2) was used because the corditions at
the prestressing wires closely resembled those at the centre of a
column, there being no coocling to the atmosphere.

Table 3

Predicted failure times of prestressed concrete beams

Scale of beem | Actual fire-resistance Fire—resistance1time .
time . predicted from p scale |
result
' 4/5 165 minutes 225 minutes
1/2 ;[1 00 " 100. 1
: 3/8 65 i 63 minutes
i : . o ]
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It will be noticed that, whilst the predictions for the 1/& and
3/8 scale beams agree with actual results within the limits of
veriability to be expected in fire-resistance tests, the prediction for
the 4/5 scale bsam is quite incorrect. The explanetion is that the
concrete cover to the prestressing wires fell away from the 4/5 senlse
beam during the test whilst it remained intact on the others, This
behaviour can be expected to be repeatable for it has been fcund thatl
thicknesses of concrete cover of more than two or three inches require
reinforcement to prevent their falling swoy during test.

In deriving Tables 1 and 2 by the use o the eleoclrical analogue,
heat flow within a structure has been assumed to be 2 process of
conduction only, The tables are tharefore only apopliceble where this
is the case or where associated processes obey similar laws. A
detalled discugsion of such processes and other effects is given in a
previous note ?23 and it is therefore merely necessary to summarise the
resulting conclusions.

a) Presence of vater in a structure

The principal effect of water in a structure is that it absorbs
heat as its temperature rises and as it is vaporized, ‘his effect in
no way invalidates the use of the tables, and neither does *he fact
that water vapour occupies a grester volume than water,

The migration phenomencn encountered in practice is largely a
diffusion process and would therefore also not be expected to influsncs
scaling,

b) Cavities and imperfect _themmal contact at inlerfaces

Py s s

The effect, on scaling of imperiect thermal contect at interfaces
may be neglected, as also may the effect of covivies provided, from
The geometry of the structure, it can be seen that they do not play a
substantial part in the heat transfer through the siructure,

c) Variation of thermal properties with vemperature

Yor many materials the quantities thermal condustivity, density
and specific heat are furctions of temperature. The tables remain
applicable in these circumstances,

5) Conclusions

It cannot be overesmphasized that the tables should only be used
atter checking that the limitations described in this note do not
apnly to the problem under consideration,
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APERDIX 1

[reningery

List_of structures investignated with the analogue

Three inch, lsr inch and 2 inch brick walls,

3 inch, 4% inch and 9 inch high conductivity walls,
4 . . . L of
z inch bulkhezd protected by 7 inch,concrete on e
bulichend to twice this scale and one to six times this so

4 iich diameter steel column protected by % inch of concrete and
the same scaled up by factors of 2 and 6,

4 inch, 6 inch, 8 inch and 12 inch diameter solid concrete
columns,





