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) Tests have been made under standardized furnace condiiions to
obtain information on the vertical deflections which occur when prestressed
concrete floors are subJjected to high temperatures, and on the recovery
after cooling, The performance of a selectied type of composite wesiresszed
concrete floor during and after different heating periods was compared with
that of a composite reinforced concrete construction designed for the same
span and load conditions, /Tt was found that, whereas far short heating
periods, representing a fire of short duration, the maximum and the
residual deflections were of the sgme order for both types of floor, in
the longer heetings prestressed concrete gppeared at a disadvantoge in

this respect.

Introduction

TMre-resistence zs defined in B,8. 476 :

1932 is a measwre of the

time for which an element of structure will fulfil its ncrmel funeciiounz
when subjected to standard conditions of heat and load, VWhile o five-
resistence grade implies satisfactory psrformance during o definite

fire period and stability of the element of structure after cooling, no
cognisance is taken of the fitness for use ar repairability of a structure
after a fire., These ore importent aspects of building firss vhich have
not received the attenticn they merit, although the fire raids during the
war lead to investigations being made into the repair of traditional

tuildings dameged by fire.

. In concrete structures some spolling and deterioration of the concrete
to a depth of 1 in, or 2 in, will not be obstacles in restoring on-element

to very nearly its original strength, wut lorge

eformations will be,

Since prestressed concrete beams in cold loading tests moy show practicelly
complete recovery after overloads which cause substantial deflections, it
has bzen suggested that they might display similor behaviocur after the
 type of "overlogd" represgsrted by exposure to high temperature, This
suggestion assumes that hesting causes no 1oss of jrestress, either through
loss of strength or shrinkege of the concrete, ar reduction in strength or
elongation of the steel, It was therefore decided to make comperative
tests on prestressed concrete and reinforced concrete floars of the same
span &and load-carrying capacify to determine their ability to recover
efter fires of different durations, At the time the comperative tests
were projected the investigations which had been made on the behoavicur of-
prestressed concrete floors when exposed to high temperatures were
concerned only with fire-resistance and since these tests were contimed
vntil collapse of the floor occurred or was imminent, there wers no dota

on the condition of the specimens.on cooling after a shorter heating,
© BRE Trust (UK) Permission is granted for personal noncommercial research use. Citation of the work is allowed and encouraged.
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The prestressed concrete floor selected consisted of a beem unit
of the pre-tensioned type cerrying precast concrete troughs serving as
permanent shuttering for the in situ reinforced concrete topping, The
floor for comperison was of a similar type with a reinforced concrete
beam substituted for the prestressed unit. Both types of floor, which
were tested with the ends simply supported, were knovm to have more
then 2 hours fire-resistance. The method of construction was designed
primarily for use with prestressed beams, or more accurately soffits,
since they are uniformly stressed -end form the tension zone of a beam
which includes the in situ concrete. In practice, the soffits are on
the grid lines of the bullding, at about 10 ft. centres, and the precast
concrete trough units span between them., The featwe of this design is
the readiness with which it can be adapted to verious spans by increasing
its depth, i.e, having a greater thickness of concrete above the soffit.
This is easily arranged by raising the troughs, A comparison of the
prestressed with the reinforced concrete floor shows that, by using a
broad, shallow soffit, a saving in depth of about 6 in, can be effected.

Three tests were carried out as follows. The first of Z~hour and
the second of 1 hour were on the two different forms of construction
tested together; the third test of 1 hour was on prestressed concrete
only. The only design variable introduced for either type of fleor was
in the cover to the lower wires or the main bars in the beamc,

Test _conditions

In the tests for fire-resistance specifisd in B4, 476 ; 1932
standard furnace corditions wre defined by a time-tarpuoratwre curve
(®ig. 1), the character of which for the first 2 hauwrs is determined by
the following pointa;-

At the end of the first 5 minutes - 1,000%F (or 538°G
1 1 TR 1 1t 10 n 1,300°F (or 70L°¢
n n noow f i -0 ] - 1,5590_6' or 8:'.;.300
i n oo n 1" 1 hour - 1)‘:;0&(;‘1,1 or 92700
n " "o " Tu 2 hours - 1’250‘-1‘1 ('O“.f‘ 1’010 C).

The furnace temperastire chizinsd from the resdings of a number of
thermocouples, distiributed so that they fairly repressat the mean
temperature, must conform 4o the standard cwwrye witlin defined limits.

For the comparative tests on recovery after cocoling it was necsssary
to adopt a time-temperature relationship recogrized as valid and the
standard furnace curve was the obvious choice, The test represents a
floar exposed to fire on its soffit; it is considered that this is a
more serious condition than a fire on top of the floor. '

Description of tests

The furnace used for the tests is shown in Bigs, 2 end 3. The
floors were supported in a refractory concrete surrcund which was placed
on the walls of the furnace when the specimens were ready for test., In
order to ensure that the forms of construction which were being compared
would be subjected to closely similar conditions, in each test one
specimen of eech type was included,

Cross~sections and longitudinal sections of the two types of floor
tested are shown in Figs. 4 and 5, Fach consisted of precast units
and in situ concrete farming a Tee beam 5 ft. wide representing a
section of floor centred on the main load-cerrying member, The prestressed
member, known as a "sof fit", was uniformly prestressed by 126 wires of
Wo, 12 8,7.G. It wes 1 ft, 10% in, wide and its depth was 32 in, with a
cover to the lower wires of 13 in, The aggregate used.for the concrste
wes flint grevel. TFor fire protection purposes this cover was altered
for two of the tests to 1 in, of gravel aggregate with the addition of
7 in, of brick sggregate concrete to farm the soffit, Castellations were
provided on the upper surface of the soffit to ensure composite action
with the concrete topping, The reinforced concrete beam of rectangular .
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ssction had a width of 10 in. and depth of 82/16 in. to the centre of
the reinforcement of four g in, diameter bars. In the first test the
concrete cover to the bars was 1 in, and in the second test 12 in,
Stirrups of —4 in, diameter rod at 9 in, centres projected 3 in, above
the beam into the in situ concrete,

The design of the upper part of the floor was identical for the
two types of specimen, Precdast trough units which were supported at
their ‘ends on the reinforced concrete beam or on the prestressed soffit
acted as shuttering for the in situ concrete which wes 1¥ in. thick over
the . tops of the troughs, giving a flange 5 in, thick tc the Tee beams,
The in situ concrete was reinforced with § in, diameter transverse rods
at 3 in, centres and z in. distribution bars at 12 in. centres, All
the precast units, troughings, soffits and beams were supplled by a
menufacturer of preca.st concrete products,

Details of the concrete mix and cube strengths for the topﬁing are
given in the Appendix with information relating to the manufacture of
the prestressed soffits and the reinforced concrete beams.

Ed
Test procedure

In constructing the floors side by side in the refractory concrete
surround a gap of 1 in, was allowed betwecen them, A similer gep wos
provided between the outer edges of the floors and the surround. These
gops were sesled with asbestos rope lagging so that the specimens were
iree to deflect ond heat lealf.age from the furnace prevented,

\then the floors had matured sufficiently to rea.ch an adequate
gtrength as shown by cube tests, the floors were loaded and the fire
tests carried out, In oomorma.ty with the test conditions of B,S. 476 :
1932, the load spplied to each floor was 1% times the design load of
100 1b/"t. of slab and 450 1b/ft. run of beam, The load was in the
form of cast iron weights standing on short legs so that the area in
contact with the floor surface was reduced to a minimum,

Tlections were measured st the centre of the span and over the
abutments by means of rods in contact at their lover ends with the {loor
surface and carrying a pointer which moved over a fixed scale et their
upper ends, Observations of scale resding were made at intervals during
& test to the nearest 0°02 in., and were continued during cooling at
:i.ncrea.singly longer intervals until a maximum of 19 days hed elepsed
from the time of the test, The deflection rods were in place before
loading so that the deflections due to o.ppl:_cc.t:.on of the test load

could be obt'ﬂ ined,

TFurnace temperatures were measured by nine io, 19 8,W.G. chromel/
alumel thermocouples distributed to give a representative mean tempera-
ture, - All thermocouples were located with the hot Jjunction 3 in, from
a surface, one group of three being adjacent to the prestressed soffit,
another group of three adjecent to the reinforced concrete beam and the

third group below the troughings in the g2p between the adjacent specimens. .

The fuel input to the furnace was coutrolled so that the mean
temperature throughout the test corresponded to the values of the standard
cwve within the permitted tolerances. Heating in o test was terminated
at 2 pre-determined time and the specimens alilowed to cool slowly. ifhen
recovery appeared to be complete, the floors were unloaded and the £inal
residual deflection noted., A typical curve of furnnce temperature is
shown in Fig, 1. . -

Results of tests

The tests were carried out in the following sequence, "A" denoting
the prestressed and "B" the reinfarced concrete floors;- '

1) % hour test on A and B (Concrete cover of 1 in, gravel with
" oddition in A of # in, brick),
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2) 1 hour test on A and B (Both with ¥ in, gravel aggregate
concrete cover).

3) 1 hour test on 4 (Concrete cover of 1 in, gravel +% in. brick).
¥ig. 6 shows a test in progress.

The results are givei as a summary in Tebls 1 and shown in detail
in ¥ig, 7 where dellections are plotted against time dunng the fire
test and the subsequent cooling up to 6 days. .

TABLE 1

Meximum and residusl deflections of flcars

i
Ref'erence Bottom concrete cover Duration of Hascd mum Residual
number to steel fire test deflection deflection
f specimen (inches) after 6 days
\ ‘ (inches)
A1 1 in, gravel + % in, brick %+ hour Do 25 e CL.
Bi 1.in, gravel : Q0«24 0-07 ;
A2 | 17 in, gravel 1 hour ' 1012 072 |
B2 i 17 in, gravel i ’ Co i 0+1C i
i !
A3 : 1 in, gravel + % in, brick | 1 hour ! 1+ 03 ;* 0492 ;

o

The deflections of the Tloors due to the applied load were O+1 in,
for type A and 0°02 in, for type B, In the 3 hour heating the prestressed ’
floor compared favourably with the reinforced concrete having approximately
the same increment over the initial deflection and showing better recovery. .
In the heetings of 1 hour duration the prestressed concrete constructions
suffered greater distortion, whether the cover to the lowest row of wires .
in the soffit was wholly of gravel eggregate or partly brick and partly
gravel, The extra insulation to the wires given by the brick had the
effect of delaying their temperature rising to the point at which reduction
in strength and loss of prestress become appreciable, so tha$ at the end
of the hour's heating there was e difference of 04 in, in the deflections
meagured on the specimens with and without the jrotective lgyer on the
sof'fit, Since the temperature in the interior continued to rise after
heating was stopped, the final deflections obtained for the two floars was
of the sane order.

There was little recovery beyond the figure obtained at 24 hours,
For both types of floor in test 1, observations made up to 14 days after .
heating showed that the deflection only decreased 0403 in, from the
deflection at 24 hours. After test 2, readings of deflection were made
at intervals for 8 days, when the recovery beyond the deflection at
28 hours was 0+06 in, for both prestressed and reinforced concrete
specimens. The load was removed from the floors 6 days later and in v
the unloaded condition there were regidual deflections of 0«53 in, for the
prestressed floor and 0°10 in, for the reinforced concrete floor, Six
days after the finish of test 3 the deflection (due to heating) was

© 8till Q0«92 in. compared with 0°98 in. after 28 houwrs, There was a

regidual deflection of 0+56 in, after removal of the load.

In order to obtain information on the temperature at which prefstress
is lost in the steel, thermocouples were 'attached to selected wires
during manufacture o; the soffits. The results have not been included,
since they were insulficient to farm a basis for conclusions,

A-feature of the tests was the .consistent behaviour of the specimens,
no spalling occurring in either the prestressed soffits or the reinforced

[P T S
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Discussion of results

Hith the ¥ hour heating there was little difference in perfarmance
between prestressed and reinforced concrete. The maximum defliections
were about the sane, but the prestressed floor showed a more rapid
recovery, indicating that there was no leoss of prestress, After 24 hours
the residual deflections were very small for both types of floor,
decreasing to less than 1/2000 of the span after 6 days. These forms of
constructlon are therefore adequate to withstand a fire Of the severity

£ the 5 hour standard test without permanent damage.

The cover of 1 in, 0 the main bars in the precast beam of the
reinforced concrete floor for the & hour test was incressed to 1% in.

for the 1 hour test. This conforms to the requiremsnis of the London,c %
County Council Eyelaws for reinforced concrete beams, which specify

1 in, cover for z hour and 13 in, for 1 hour fire-resistance. The
results of the second test showed that the reinforced concrete floor
could withstand the longer heating with little more permanent deflection

“than in the first test, whereas the prestressed concrete floor had a

maximum deflect101 of over 1 in, and a residual deflection after 6 days
¢’ about /200 spen, In this test the concrete cover to the lower wires
in the prestressed soffit was the same as the cover to the bars in the
reinforced concrete beom. If part of the cover in the prestressed soffit
is replaced by a material giving slightly bstter thermal insulation as

the ‘third test, the effect is merely to deloy the deflection reaching
its moximum, which after 1 hour's heating, wzs of the same order as that
obtained in the second test with the hoemogencus cover, although the
residual deflection after 6 days wes greater. After reomoval of the
imp.sed loads, the two.floors hed approximetely % in, deflection,
indicating the some loss of presiress,

The reinforced concrete beam after the hour test would probably
require the renewal of the damaged concrete on its sides and soffit,
but this presents no difficuity since the depth involved would be small,
The structural properties of such a beam after repair would differ little
from the original., Prestressed concrete members, however, which have
surfered loss of prestress and show objectionable deflections after a
fire are a wmore difficult probhlem, Loss of prestress is due partly to
changes in the cold dravn wires when heated and nparily to deformation .
and 1oss of strength o the concrete, both factors which would tend to
make repair difficult. ‘ ’

The results obtained from the tests described in this note are
atrlctlv valld only for the partlcular uype o ‘loar descrlbea, that is,
but 1t is considered probable that the =hav1our 1a-§§§Eba1 of prestressed
concrete constructions genersily, since the cause and effect of loss of
prestress is common to all types under the corditions described, Greater
or smaller deformations might well be cbteined with different floors or
beaias of the same span, since prestressed concrete is characterized by
its diversity of forms, but after certain temperatures have been reached
at critical points within a member, loss of prestress with consequent
permanent deflections must be expected. The estabiishing of these
cemperature conditions mey be deleyed by increasing the insulation to
the steel., This can be done by providing extra concrete cover or by
weans of other protective encasements which are more effective for a
given thickness,
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APPEIDIX

Manufacturing data for the Ilocrs

(a) Typical prestressed concrete soffit;-

Mix: 1/1%/3 Portland cement/sand/gravel (maximm size £ in.)
Tater/cement ratio: 0-40

" Mean cube strength at release; 5,660 1béin.2 (at 2 days)
Initial prestress in wires: 75 tous/in.
0+1 per cent proof stress of wire; 118 Eons/in.2
Ultimate tensile strength: 130 tons/in.

(b) R.C. beams:- Concrete mix as for prestressed soffit.
(¢) In situ concrete:-

Mix: 1/1%/3 Portland cement/sand/gravel (meximum size 2 in.)
Water/cement ratio 045 to 0+47.

Specimen No., L Mean cube strensih (1b/in.?)
A1 ' 5,590 23,820 at 7 daysg
B 5.320 {5,620 at 8 ays
A2 e 5,150

B2 - . . 4,430
A3 : o 6,770.
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FIG.2. GENERAL VIEW OF FLOOR FURNACE
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