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THE ESTIKATION OF FIRE=-RESISTANCE
: by
J. Ho McGuire

1. Introduction

The fire-resistance of a structure is the time for which it will mﬁy
with the following requirements when subjected to a test in aocordance wi
BJ3e 10-76'-

(a) It shall not collapse under its design load,

(b) For all elements of structure intended to separate spaces
and to resist the passage of fire from are space to ancther,
cracks, ete,, through witich flame can pass, shall mot develop,

(c) Por certain elements of strueture, intdnded to sepamate spaces
and to resist the pagsage of fire frow e space to another,.
" the average tempermimre of the unexposed surface shall not
rise by more than 139 Centigrade degrees (250 Fahremheit
degrees); nor shall the tempermbure of sy point an this
surface exceed 2219C ( 130%F) or rise by more than 180 Centigrade
degrees (325 Fehrenheit degrees) whichever is the lass,

The third requirement is porely cancermed with temperature and in neny
cases the same may be said of ocllapgs, Thug with loaded, pm‘bected steel
or aluminium colums or bulkheads failure by collapse g;e:mral]y oocum wha?
the metal attains a temperature at which it begins bto yield substantil 1)(2)
For protected steel colwms, for example, thls temperature is in.the- region
of 5000C = 600°C dependent on the stresses in the stee)l member, - TFe samn is
alao true of the failure of the cable in prestressed concrete bea.ms
the failing temperature for a cold dramn Stepl prestreeing tendo is 100°C or
30 lower than that for the steel member of a columi, prdmd,pally becanse ‘much
greater stresses are involved. N

As a general rule, therefore, provided req;;irmrb (b) above may 'b'e,
neglected and provided such phenomena as the spall of aoncrete do not ooour,
a fire resistance problem mgy be treated ag' a heat pn:blm in which the
time to attain a specified temperature at some point within the stmctm.re is
to be determined,

Even vwhen the heat flow is pwrely a process of heat aocrﬁnctim, fire
resistance problems are almost alwzys intractable gnalytlcally end this note
is intended to show how approxinate solutions can gamerelly be obiained by
‘one of two methods,

The first method, of which there is more than ane form, is s scealing
method dGepending, for its uge, an the existerce of = exper:lmen‘hal result
for a gimilar structure, The secand nethod is a prediotion of the fire-
resistance from the relevent heat conduction equations or &ppmdana‘bimb to
them,

The first method will solve problems hmlmg structures with regligible '
cooling to the atmosphere, The second method will aolve colum, besm snd :
hulkhead problems where the thermel capacity of the insulating material is

mmall compared with that of the metal qore and slso protlidns involvikg walls
and floors where the thermal capacity is smll,

The wixvle of the note is concemed with tumperature smd unlass the.
contrary is stated, the origin of e scaléy & fekdr as an anbient temperature
of 17°C, Examples of observed snd predictad vahies of fire resistdance are
giver to illustrate the usefulness of the various methxds, -




2, . The acal:mg of i‘ire-mis‘tmce pmblems o o '

‘| n electrdc analogue of heat candnctian(%) has been used to predict the
times at which a specified temperature would be attained at corresponding
ints in a number of colwms wrich are scale replicas of each other.

fodimamim ‘being the only scaled quantities), It was found that both far.,
homogeneous and for protected metal-cored columms,.these times are propoxw
‘tional to DB where D is the dimensianal scale factor and n is slightly - - .
dependent an time but approximates to 1,6, The reason why this differs
fiem the square law implicit in the Fourier number ¥t/f,2'where k is thermal.
diffusivity, :|, is a linear dimension, .and t is time, ‘is that scaling is_
tomplioated by the fiot that the standard tempemture-time curve itself. is
ot scaled. The 1,6 law is thus peculiar to this curve and is empirical, .
The relationship ¢overs. the conditionb- in whlch the . time excesds 30 mmutes
end the temperatnre is’ less.than 600°C, R

3

Only d:l.mensicms in wrich there is a component of heat flow inﬂuenee
the relatiomship,. Thus in a column problem, the height of the: oolmm
pmvi&ed it is substantially greater than the transverse dimmsions w:.ll
: nat 1nf1uence ‘the temperature distribution within the column. _ g

‘!he above scaling relationship was derived by treat!ng a :t‘ire-resietence
pm'blmr as one of heat conduction, In practice however, a&d:i.tianal faetors,
such as the presence of water, affect fire-resistance times. The e z; 5){
the application of the scali.ng relationship has been described elsewhere 6)
an& the fbllcwing conclusions. ha.ve been dra.wn.

One of the" ‘effects. resul‘t:ing from the presence of water not mvalidatmg
the scaling relationship, is the absorption of heat ‘both- as the temperature of
the water (or moisture) rises snd as it vaporizes, A second effect, the
migration' of moisture and vapour, should not affect the validity in so far as
migration follows diffusion laws, For equal moisture contents therefore '
this scal:i.ng law is used unaltered, : -

Where cavities exist in a stmcture scaling is not appl:r.cable excepting
where, from the geometry of the structure it can be seen the.t the cavitiee
do not play a substantial part in the heat transfer," »

Gool:i.ng to the atmosphere :.nvolves processes which do not: scale a.ccording :

to DR and it is therefore not wise to use this scaling relatiomship for wall or
'bullchead problems where surface coolmg pla.ys an important :mle. L

¥ Uni‘ortmu‘tely it is not possible a.t present to say hcw the accuracy of'
predlctions regardjng ccncmte stmctums will be e.ffected by spa.ll:l.ng. el

' The aocure.cy to be expected fmm sca.ling accord:mg to the 1.6 power law
,13 Allustrated by Table 1 which gives predictions and test results-for.a series
of prestressed cancrete bemms, Failure occurred when the temsile, strength of
‘the prestressing wires fell off substentially due to high temperature and,
since the temperature in this region was not appreciably influenced by the
cooling to the atmosphere of the top- sur.f'ace of the beem, this factor d_-n.d not
invalidate the use of the: scaling law,

Pred:l.ct:ed fa;:.lure times and test results
for prestressed conerete beams

oL : : Fire-resistance time _

Scale of Actual fire- redicted from

beanm resistance tinme g scale result - .
S (simutes) (minutes) .-

' 575 165 e

/2 100 -

/8 65 63

1/ 38 33.°

ue



The predictions were based on the 1 scale result and whiist they were
quite accurate ]ﬁ the case of the /8 and 1/, scale beams the prediction in
the casg. of the 4/5 beam was grossly_maocumte. Durmg the test on this
bean, severe spalling occurred, It did not occur in the other specimens
and 1t has now been suggested that with this type of structure, spalling
will occur if the inforced concrete cover to the prestressing wires
exceeds two inches, rf '

3. The evaluation of 'bhemal res:l.stance and capa.c:.ty

The use of a scaling law, when the structures cons:.dered are not scale
repl:.cas of each other;, or- the use of a calculation method, require the
evaluation:of the thermal res:z.stance and capacity of component elements of
structures, These may be“derived from the thermal conductivities (K),
densities (p) and specific héats (s) of the materials involved,

(a) Therma_l res:l.sta.nce Ceh e

The the'ma_'l. registance of a small element in the direction of heat flow,
is given by:~-
e w R = ﬁ ) . ..'.I..'.-..'... (1)

AK

where £ is the length of the element in the direction of heat flow and A is
the- cmss~sect1mal ‘area “t:hrcugh which "heat-is flowing, D':.mmsn.onally

(R) = (&) - = ¢ N = ©
Low® @) @ tetlrh Y

so that thermal resistance = JLemperature difference ang is analogous
‘ _ - " rate of flow of heat

to electrical resistance = _Potential difference
rate of flow of charge

It should be noted that thermal resistance is quite different from fire-
registance which, by definition, has the dimension time,

Equation (1) applies to large elements of constant cross-section A
provided the heat flow is unidirectional, It may be used directly %o evaluate
the thermal resistance of a thin layer of insulation following the contour of a
colum, as illustrated in Fig, 1, If unit height is considered, the mean
cross-sectional area through which the heat is flowing numerically equals the
periphery P and the expression reduces to '

R = =, ‘ e eeIGTOPLIROICEY PO (2) '

K

With radially symmetrical columns the insulation conatitutes an annulus
and the area through which the heat flows is a function of the radius, The
resulting expression for R is

R = 1 1 r ‘ ecosssetrnvrerss
" Sr— 108 %y (3)

where rp is the external radjus of the annulus
ry is the intemel radius of the annulus

and h is the height of the column,

The choice of a self-consistent system of units for K, {f’ r, etoc, in the
above expressions is discussed in Appendix 1,

Same structures include air gaps for which the thermal resistance is a
~ function of the absolute temperature of the bounding surfaces, If the gap is

»
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near to the furnace the thermal resistance is low and may generally be
neglected, In cther cases an assessment of the resistance may be obtain?d)
by reference to graphs of resistence ageinst temperature given elsewhere.
(b) Thermal capacity

The thermal capacity of an element is given by

C. = VP s ssesD0secc0EC00 (’4-)

where V is the volume of the element, The expression applies directly to
a]l geometrical configurationss -

(o) The effect of veriaticn of the thermal properties

. The themnal comductivity (K) of a material is frequently a function of
temperature and in en extreme case the ratio of the canductivities at 1080°C
ant anbient tempermtnre-has been found to be as high as 6, The effect of
thic variation can usumlly be teken imto accomt by using a mesz value of K,
Where a steady state unidirectional heat flow problem is being omsidered and
K is a functionr of ¢ the effect will be accurately allowed for by
uging, in expressiom (1), theazit}meticmeanvalue of K for the temperature
renge in the slab of the material imvolved, If the effect of this veriation
in £ is large the method of estimation of the temperature-time dstribution
bec :meg one of successive approximations, .

Where a trensient heat flow problem is being considered the effect can

be taken into acgount, to a first approximation, by attributing to a material
in a particular structure a value of K appropriate to the mesn temperature of
the waterinl over the wholg of the fire resistance time, Since the depardence
of omdm:t:.vity on tempe:ra:bure is widely different for different paterigls and.
aince the effect of this varimtion will itself depend on the nature of the
structure, it is not possible to be specific as to the error which might arisé
due to am '.’ma:ccu.m‘te assessment of a suitable value of K, The order of error
l,ilaely to 'be introduced in any ane problem is best assessed by evolving
solutions fér diff'emn’t: values of K. The same may be said of the pmdnct

P s but thiﬂ is ‘genera'lly not lieble to such great vma‘l:icm. '

bs Colmnrm_r and peems in which the insulation follows the contour of the core

It is now possible to discuss structures which are not scale replioms of
each other and to discuss the assumptions which must first be made in applying
either a modification of the scaling method desoribed above or a direct
calonlation method,

To make a prediction of the fire resistance of a protected colwm (or
beam) the properties of resistance and capacity should be attributed to all
the component materials, Where, however, the core of a colum is of metal,
its thermal conductivity is so high compared with that of the protective
covering that it may be considered infinite,

A further assumption is necessary to reduoe the problem to simple terms
and it is that the capac:.ty of the protecting material may be neglected, The
extenrt to which this is Jjustified has been investigated theoretically, From
solutions obtained by the electric analogue (Figs, 2 and 3) it can be seen that,
in the Tegian of the failing temperature for steel (5009C = 600°C), the error
in time introduced Yy neglecting the thermal capacity of the protection will be
12 per cemt endt 20 per cent where the capacity neglected amounts to 25 per cent
and 50 per cent respectively, of the capacity of the metel core, To a first
approximation the effect of the themal capacity whigh is distributed throughout
the protection may be represented by half this value of thermal capacity -
considered to be located at the centre of column, Calculation has also showmn
that the use of this representation reduces the errors referred to above by a
factor of at least four,

ﬁl‘.g



Making these assumptions a columm may be comsidered to be merely a
thermal resistance followed by-e thermal capacity as illustrated in Fig, 1.
We now discuss the two approaches in tumn,

(a) Scaling method,

The reéults- of caleulations- on e analogue have sh.om( 6) that the fire-
resistance times and t2 of two columns of similar canstruction but not
ef complete geometric similarity will be related by the expressimm

E = E‘lgl-, 008 A 60-..-000000000000(5)
¥2 R2C2 ’

or on substituting for R and C in the case where the’capacity of the insulea-
tion mey be neglected '

-'El = m 008. 00--000000-0000990(6)
t2 X2 Ag Py
where x ‘thickness of insulatiom

P
and A

mean periphery
‘cross sectional area of metal column,

tuni

Censiderations of temperature, thermal camductivity (K) amd thermal capaciiy
per unit volume have tlms been ¢liminated, Where the thermal conduciivity
of the materiel nearest to the furmace is very dependent wn temperature the
Tact that long fire-resistance tests involve higher temperatures should
strictly be taken intc account, Neglect of this factor does nok, however,
generally introdmce appreciable errurs, -

The fire=resistance of a metsl cored colum can be predicted from a test
result on a colum with 2 different core provided the latier has a higher
failure tempereture, Thus the fire~resistance of an aluninium cored column
can be predicted from a test result om a steel cored column but not vice verss,
The yield temperature cf the metal core of the first colurm, in this example
aluminium, must be lmown and the time at which the steel atteined this
femperature in the test found from the test record, The éxpression for
t1/%2 will now involve the products ( £ g) for the two metals and will be

l_tul - Mm.éﬁangé 008 ovuucooo;o-ooooooao(7)
ta ” x2 A2 fzs:z 1

Where the capacity of the- insulation must be taken into account the expressimi
must, of course, be modified,

Although equation (7) formally reduces, for structures of similar shape
and materials, to the scaling law described in Sectian 2, it is likely to be
less accurateyin gemeral,

To illustrate the versatility of the approvach, a series of predictions
has been made (see Teble 2), not on eolums in wirich the insulation follows
the contour of the core but om steel H members in solid cmcrete encasements,



TABLE 2

Predictions - - rectangular encasements
Type of Columm Fire-resistance Predicted fire- .
Time (by test) resistance time®
8" x 6" x 35 1b RSJ. 2" cover 3 hrs 40 mins o

- ditto = 3 hrs 7 mins -

6"x1...5"x29-1bR.8.J..2"cover 3brs 8 mins | 3 hrs lp‘nins‘i 1 mins
w; x-fx‘_mlb»-n.s.a. 2" oover 3 hrs = mins 2hmh2m;1n8.‘;12'mina
4 x 3" x 10 >RSI, 1" cover | Lbr 30 mins | 1hr 13 mins £ 5 mins
h."x}"xllonl_.bR.BJ. 4" cover | 6hrs -ming| 7 hrs 3 mins % 33 mins

1 The quoted tolerance is derived from the variation in the firet
two tests,

Failure was assumed to occur when the steel f'lange attained a certain
tenperature snd anly the flow of heat through a face adjacent to cne flange
was considered, To a first approximaticn the thermal resistance of this path
is proportional to the thickness of the concrete cover and to the reciprocal
of the mean crees sectional area of the cover over the flange,

The capacity of the protectian is not negligible for these ¢olumns and
as described above the effect of the thermal capacity of the concrete cover .
was represented by half its value added to that of the flange, which was
calculated to be 0,} of the total thermal capacity per unit length of the
steel member. -

The ‘predicticons were based on the column for which two results wera
available, In view of the difference of over half an hour between these
two-test results and of the fact that the application of the method has been
considerably extended to cover this class of problem, the agreement is
considered satisfactory. The tendency to overwestimate long times and
underwestimate short timesis presumed to be a result of the extensicn of the-
a.pplicatim of the method, ,

- Bxcepting where the cover an the flange is exceptionally thick, the
effect -on scaling of the heat sink provided by the conorete sunmmd:lng ‘the
imer portiomr of the flange hag been neglected, The amount of this cdnorete
which will ocmstitute a heat sink is itself a function of tim g and hence has
been assumed to scale in accordance with the value of (R C)U»8 where R end €
are derived as stated above, The relative dimensicns of the last column
listed in Table 2 make the agsumption invalid in this case, This is no
doubt the printipal reason why the fire-resistsnce of the column was not as
long as was predicted, Other factors which would have influericed the
acouracy of the results were the effects of water and the cracking of the
concrete,

(v) Calculation method
The ﬂro-msistanoé_ of colums with different protective materials could

in theory be obtained in e similar way but it is quicker and probably just as

accurate to derive a solution from the following formula which -predicts the
temperature at the centre of a column given a fixed temperature imposed at the
surface. _

a6=

.
<
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t o -
9"'90(1-?”) " eesescresssnes (8)

where R and C are the thermal resistance and capacity as previocusly defined
© is the tanpemture-(rise) of the metal core

and 9 is the temperature {congidered constant) impesed an the
exterior surfaces of the column,

Since in a B,S, 476 test the surface temperature is not constant, a
value of O, must be used in the caloulaticns which will produce the same
value of O as the B,S, 476 time-temperature curve, By conmidering columns
which reach their failure temperature at selected timea the electrical analoguo
of heat comdnction has been used to calculate appropriate values of 9
These are- givm in Table 3,

TABLE 3

Step function equivalent of B.S, 476 Fumace -
" timemtemperature curve { colums)

Failure time Equivalent Step Functimn
0o (temp, rise)

thr 745
1 hr 845
2 hrs ' 935C .

L hrs ' 1,050¢C

- A graph of expression (8) in terms of 9/9 against 1;/ RC is given
in Pig, ke .

Expression (8) is essentially in terms of temperature and in order to
derive a fire=resistance time a value must be attributed to the failure
temperature of the metal core, This will, of course, depend on the nature
of the metal but will also depend on the stresses in the member, A suitable
temperature is thus best ascribed by an examination of previous test records,
Since the gradient of the core temperature/time curve (see Fig, 4) exceeds
half its value at the origin for the range of temperatures which will be
involved, errors in the specification of the core failure temperature will not
produce substantially greater errors in the predicted fire resistance tinme,

The order of accuracy to be expected in using expression (8) is illustrated
by the following example, In a fire-resistance test the mean steel temperature
rise, after 1 hour, of an 8 in., x 6 in, x 35 1b steel column protected by a
5/ 16 in thiclmess of spray asbestos, was 550°C, Expression ?8) with a value
of 1,8 x 104 c.g.s, units for the thermal condnctzv:l.ty of spray asbestos
gives a prediotion of 600° rise, .

The use of expression (8) cen be extended to give predictions of the fire- -
resistence of a column consisting of an H member in a solid lightweight '
encasewent, sn example of which is illuatrated in Fig, 5. To simplify the
mnethod of aolution,only the heat flowing through one end face is considered,

As discussed above (see p, 6) only 0,3 of the total thermal capacity of the .
steel is taken into account, In the example illustrated in Fig, 5, the

i -7=
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effective mean cross sectional widta of th» i1ea through which heat is
flowing to the flange was taken as 7 inche: anid !.ha:- reziicted temperature
rigse of the steel was 160°C after 1 nour ‘and 5090 »ftev 2 homrs, In a
fire-resistmnce test the temperature- r.i.ses at+a1ned were 1709C and 390°C
a.fter 1 end 2 hours respectively, ‘

5e Floors, walls and bulkheads

Cooling to the atmosphere olays a part in the fire-resistance of w
bulkheads and floors and hence it is*unwise to apply ikc scaling relaticmsh;.p
described in Section 2,

The themal resistsnce of many walls, bulkheads and floors is so great
that, even if their thermal capacity were negligible, cooling to the
a.tmusphere would ensure that the temperature of the unexposed surface (or
in fact of any other critical point) would not rise above the prescribed
lavel,

It is possible to predict mpidly the equilibrium temperatures of the
unexposed surface so that as a first approach to this olass of problem it
ig adviasable to determine the temperature which would be attained at the
specified point in the structure, at the specified time, if the effect of
- thermal capacity were neglected, For the unexposed surface bf the structure
this is given by expression (9) and for any other point in the structure by
expression (10),

 (9= RQE._;: o . . esssssssssssses (9) |
Q' = -9-0%) | : .;....'.........(10) |

';!here QS is the temperature at the unexposed surface;
' 9“ is the lerserature at any pr:esoribed point;
. Qe iv the fumace temperature (rise) at the time considered (see Fig, 6)

" Rg is the equivalent resistance representing oooling to the atmogsphere
' at the unexposed surfaceg ,

Rg is the thermal resistance between the unexposed surface and the point
at which the temperature is required;

~and R is the thermal resistance of the structure,

In eva.luating R anly unit area of the sitructure need be congidered =o
that the expression for R reduces to R = I/K where 1 is the thickneas of
the structure, Where a structure is composed of laminae of different
materials

= 11/1(1 1o/Kp + 1¥/Ks ete,

where 1y and Ky are the thickness and thermal cm&uctivity of the first
lamina, etc,

R, is slightly dzpmdent oan temperature, For u.nexposed surface

- temperature rises of the order of LLOC it & -m;s( be taken as 2,400 sec °C cal” 1
for walls and bulkheads and 2,100 sec ©C cal™' for floors where the area '

considered is ane square cmtimetre.

A fumace test on a structure consisting of a steel bulkhead faced with
a 1} in, of insulating material gave a temperature rise of 123°C at the

=8 a
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: '\menq)oaed face, the steel being nea.rest to,the fumace. Expmssion (3) gives
B - pned:wtep. temperatnre rise of 107°C, Since the neplect of theroal capasity
gives a comservative. approximation the predicted temperatum Tise should exceed.
the test value,” The example 13 thus one in:wirich tlre valué given for.the

.thermal: conductivity (K} of the material involved wils mEksured undéf laboratery

g .ccxiditioqsaﬂﬁdt were not appr‘op?riate to a fire-resistafice testy . For the
e ao.l.ution. of' fire-resistance ‘problems it is most. important, wrhere ‘¥alues of K
CL sare require& ‘that the dependence of K on absclute temperatu.m ‘be deternined
' ’;or ‘that” & value based cn the result of a previous test be used,

IR the tempera,ture rises predicted by the above method are higher than -

: pemit‘bed by the B.S, 476 criteria of failure it is necessary to take into

;- ‘sctount the. thermal capacity, . It doés not necessarily .follow- that ther structum
" considered would fa.il in- gn actual test as the effect of- ﬂ'!éiﬁal capacity:mmight

produce’ much' lower temperaturf © An analysis, mfgzn'iﬂg %o homogmeoua walls-

has beert made by C. F, Fischlld) and it may alsq by taker &3 dpplicable to

floors, 80 -that only bulkhesds need be discussed here, -Soluticis Gnde -~ .

obtained for problems :.nvolmg 1ightweight. protected steel or-aluniniug "bulk-

heads wheére, as ‘with metal’ cored colugis; the resistence:of thé‘metal iay b

neglected and- the ‘capacity of the. protecticn may be.considered ‘to bé.zero, or,

better still, lumped with"the bulkhead capseity, The: r«epresentation of such’

a bullhiead is shomn, in Fige 7, Only unit grea of’ the bulkhead need be-

considered and tinis; the expressioh- for-the capacity-of the-métal reduces to -

(3 s where [ is, the th:.clc:Less of the metal bulkhead; : ‘I’hesexpressf'on for
capacity of a thickmess of ihsulatiom, either sidé of & bulkliead is

C = 2. L--‘| [31 84 an& thig value should be ad:'te& to the valte of the capacity
oi' ithe bulkhead” proper. : T6 date the only problem'ccnmi&ered have inrolved

: bul'kheads iri which the™ thermal capacity of the :Lnsula.tion has not excéeded

- 30Zper cent of the thermal capacity of the bulkhead, pmper. No gtatetient can
thereféore be-made, at preserrt a5 to whether lunping. the capacities wiil :

introduce appreciable -errors-where higher capactty- i:nsulatim i3 -ifivolved,

: As given earlier in this parsgraph the expression for R reduces to 1/1{. .
The thermal conductivity (K) of the protection will’ pmb&bly be'a fuictim of
temperature and in evaluatmg R4 and Rp, the resistances of' the insulation, it

w:!.ll probably be necegsary to use two dlf‘ferm‘b values of Ke -

Expressicn’ (11) and (12) relate the temperatures of the 'bulkhea.d to
Ry , Ro and C and are exactly analogous to expresgion (8) giver in parse b .

. Rj + Rg Ro)
e'_- = _QQ.—(EZ_";—RG) [1 - @ E’a R2 +_ : 1.0 wessosesvssss (11) o

R" + R2+ Rc

: OaRs -~ [ 1-e
O° mrvtz ¥

© is thetempem‘bureﬁse (abm mnbment) of'bh‘emheated sirface
: ofthe'bulldzea.d;

@ is the temperature rise ( considered cmstant) imposéd. on the
heated surface (see Table 4); _

Rc is the equivalent res:.stance re_presm‘bmg cooli:ng. to the
' a.'l:mosphere at the unexposed surfacey ’

o a.nd. R1, Ry and C are defined in Fig, 7.
o ’.I‘he value adopted for.Re should be a mean of the valies it ‘would assune

cduring the courselof a test, For walla and bulkheads it may be taken as
2,800 sec °C cal™ and for floors’ ,14.50 sec: °C cal“ :

e



TABLE 4

|
3

Step Punctior Bqueivalent of B,S, 476 Purmmce
Fimo-temperatore Curve - Bulkheads
Pailure Time | Edquivelemt Step Punction

g [o} (tmp. 1'1.80)
3 hr, 745%
1 hr, 845°C
2 hr, 97500(1) 93500(2)
4 b, 1,2000c(® 1,0509%(2)

L 2 } Pa.num triterien: temperature rise of 1}9% on unexposed face,
=

Since the expressions are based an the quantities K,
valid anly where heat flow is by conductiom,

the predictions and test results givenr in Tedle 5,

gmarter inaccuracies,

TABLE 5

Temperature predictions for bulkheads

The order o

temperature. rise of order §50°C m-protected
netal,

and 8 they are
accuracy which can
be achieved by the application of expressioms (11) and (12) is illustrated by
The close agreement
between most of the predictions and the test results is probably umusaal end
in generml the effects- of water or poor thermal difﬁzsivity data will giva

Test Results Predicted Results
(temp, rise) (temp, rise)
Strue Tine U: d | Steel | Unexposed | Steel
. nexpose e n
face face
4" steel bulkhead protected
on both sides by 3 of 1 hr 5,% | 322% | 55°C 325%]
insulating mate:zial :
'$" ateel bulkhead protected
an fumace side only by 1" 1 hr 113%¢ - 1159 -
of msula.ting matexrial
.| #* steel bulkhead protected
.en. both sides by 3¢ of 2 hrs 120%C - 135°C -
insulating material

At

N B e AL g
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A further prediction has been made to illustrate the accuracy to be
expedted in the combined use of expressions (9) and (12),

A steady state
test result on a slad of insulating material was available and from expression

(9) a valie of'the thermal condnct:.vity of the material was calculated, Using

R vt



this velue in expressiom (12) gave a predicted temperature rise of 719%C
after 'l hour at the unexposed face of a bulkhead protected on both sides
by tiis materisl, The corresponding test result was 62%C rise,

6. Discussion -

Temperature-time predictions for columns subjected to B,S, 476 fire-
resistance tests are theoretically possible assuming that spalling of concrete
is not involved, by meens of (a) a scaling method, where a test result on a
similar colum exists, (b) by direct calculation from the basic duta (K, {) and

8).:

The scaling method for identical structures (scale replicas) is in
principle the most accurate since the effects of using the B,S, 476 furnace .
curve end of variation of thermal properties with temperasture and most of
the effects of water are all taken into account, The scaling wethod applied
to structures-which are not replicas of each other-takes into-acemmt the use
of the B,S, 476 curve and to an approximation the effect of the variation of
thermal properties with temperature, but it may introduce errors where water
has considersble influence and where the relative proporticns of protectiom
and core are quite different, The calculation method takes into account, to
an approcimation, the effects of using the B,S, 476 curye snd-of variations
of thermal properties with temperature but completely néglects the effects of
water and demands either direct lmowledge of the thermal properties or
" effective values obtained from previous tests,

A simple method of predicting the steady state temperature of walls and

" Yalkheads is given, with the comment that on occasions the steady state condi.
tima will meet fire-resistance requirements, So far as transient conditions
are cancemed (i,e, including the effect of capacity) homog?tszous walls aré

not considered in this note having been discussed elsewhere\’// bvy-C, F, Fischl,
A method is given for the determmination from basic data of the temperature
within and on the unheated surface of a bulkhead and it has the same limitations
as the analogous method epplied to column problems, -

. No simple satisfa.ctozy comparative method exists as yet for solv:.ng
bulkhead problenms,
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