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Summary

Tests have been carried out to investigate the effect of
temperature on the crushing strength of concrete using 2 in. diamcter
by 4 ine long specimens manufactured with normal Portland ccment,
River sand and gravel aggregate using mix proportions by weight of
1¢3, 1 : 45 and 1 : 6 and various water/cement ratios, Tests were
performed at a) constant temperatures and b) constant temperature-
constant stress as well as to determine the residual strength after
heating, It is shown that crushing strength of concrete up to 600°C
is indcpendent of the water/cement ratio used but is influenced by the
cement/aggregate ratio. Concrete specimens loaded to produce normal
design compressive stress during the period of heating showed less
reduction in strength than specimens without imposed load. The
residual sgrength after heating to a given temperature in the range
200 to 4507°C was approximately 20 per cent less than the corresponding
strength at that temperaturc.
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" EFFECT OF TEMEYRATURE (N THE GOMPRESSIVE STRENGTH OF CCHCRETE

by
. H. L. Malhotra

1e Introduction

Fire resistance tests under controlied conditions on corcrete
structives such as columns, walls, floors, beams etc, have been
carried out in this country since 1935, These tests are performed
in conformity with British Stendard 476, the structure being exposed
to heat as defined by a standard time-temperature relationship. One
of the gualifying requirecments is that the structurc shall not collapse
during the period of tcst and in concrefe structurss the strength/
temperature characteristics of the concrcte will determine its resistance
to collapse,

In a structural member the main contribution of concrete is to
resist compressive stresses. When such a structure is exposed to
high temperatures failure will occur when the strength of concrete has

been reduced to a value vwhere it can no longer resigt the imposed
compressive stressess The present work was undertaken to find how the
compressive strength of concretc is related to its temperature,

teking into consideration the variables which occur in practice.

2, Brief survey of existing knowledge

The properties of building materials at high temperatures have
been investigated to some extent in the paste In the nineteen-twenties
Lea and Stradling studicd the rcsistance of materials to fire and the
development of a fire resistant concrete. Some experiments were
carried out o the loss of compressive strength of concrete at high
temperatures (1’ 2), Briefly, somc tests were carried out on 4 ine
concrete cubes made Witk normal Portland cement and heated to, and kept
at various temperatures up to 7CUSC for periods of 2 to 3 hours, the
cubes being crushed when cool encugh to handle. No loss of strength
was observed up to 540°C, then a ropid drop in strength, end at 650°C
the observed strength showed a 40 per cent reduztion.

In the sceond report of the work by Lea (2), experiments were
carried out on 47 in. diameter cylinders, manufactured with Portland
cement, Leighton Buzzard sand and Water Orton gravel aggregate
4+ in. to £ in.). The heating and testing technique employed was
identical to that mentioned above, Slight drop in strength was
observed up to 30000, followed by a more ropid rcduction at higher
temperaturcs. 4t 550°C only 50 per cent of the original strength was
observed while at 650°C the strength retained was of the order of
20 per cent.

More recently the Japancse Building Res?afch Institute referred
to the subject in one of their publications (3). The tests were

carried out on c¢ylindrical specimens, 10 em diameter by 20 cm long,

the specimens were plungcd into & muffle furnace 2t known temperatures,
kept in the furnace for about 3 hours, then removed and crushed when

cool egough tc handles  The results showed 5C per cent stirength reduction
at 450 °C and 72 per cent reduction at £00°c. _

The above investigetions did not deal systematically with such
veriasbles as types +f aggregatc, mix ratios and water/cement ratios;
no tests were made while the specimens viere at high temperatures; and
no attention had been paid to the effect of stress on the concrete
specimens during the period of heating. :



3+ Scope of present work

In practice many different types of concretes are in use and the -
selection of a particular type is controlled by factors such as strength
requirements; size, shape and purpose of the structure; and availapility
of the aggregates. For the purposes of this investigation the type of
concretes considered are those in common use as well as the {type having -
a bearing on fire resistance problens,

In general the majority of concrete work is carried out with normal
Portland cement and the locally availatle aggregates, of which gravel
and crushad rock are the mest common in this country. Crushed brick is
one of the artificial aggregates which though producing concrete of
lower strength than with natural sgrregates has better thermsl insulation
propertics. High alumina cement has been used instead of Portland cements
when high early strength is required, The mix and water/cement ratios
are governed by structural and control requirementse.

The primary aim of the investigaticn vias to determine the crushing
strength of concrete at various temperatures in the hot state taking
intc account the mix ratio, water/cement ratic, and the types of
aggregatess A number of testing conditions were imposed to simulate
practical cases., As the concretec in a structure is normzlly in a2
stressed state, the eifect of heating the specimen whilst under stress
was to be tried., To enable an estimate of strength of a structure after
it has been exposed to fire called for a knowledge of the residual
strength of the concrete., Two additicnal aspects considered of interest
were, a) structures undergoing cyclic heating and cooling; and b)
structures kept at a known temperature over periods of considerable
duration i.e. up to 12 months. These conditions are usually encountered
in boiler and furnacc foundation flues, chimneys and similar situationse

The present revort covers only the first stage of the investigstion
and deals only with spceimens made from normal Portland cement with fine -
and course flint gra¥cl sggregates; the specimens included three
different mix ratics and various water/cement ratios,

[ 3
In the further stoges of this investigation it is proposed to
test concretes manulactured with other natural and artificial eggregates
and also concrete made with nigh alumina cement. The effect of cyclic
and long duration hcating will also be studied.
Le Testing terminology
(a). Crushing stTength of concrete heated to different
temperatures and tested hot, has been referred to as "constent
temperature" strength.
(b)s Crushing strcngth of concretec heated to different temperatures
and tested after it has been allored to cool, has been referred to as
"residual® strength.
(c). Crushing strongth of conérete heated to different temperatures
whilst under a constant compressive stress and tested hot, has been
called "constant temperature constant stress" strength.
Se Experimental technicue
(a) Design of the cyperiment. The size and shape of the specimens .
vig., 2 in. diameter x 4 in. long, adopted for testing were selected
after giving due consideration to the method of heating, apparatus : )

required and the time involved in carrying out the tests. The cylindrical
shape was best for uniform heating ané the small size section allowed a
reascnably rapid rate of heating to be cmployed while keeping the
temperature differentiel ucross the section within reasonable limits.

With 2 in, diameter specimens the maximum size of aggregate vas restricted
to ¥ ine Two 4 in. cubes which viere cast and cured along with the
specimens, werc tested at 28 days to denote the strength of concrete as
normally measured.
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In order to keep the inherent varietions in the ccncrete and the
experimental errcrs to a minimum, complete control was excreiscd over
the selection of materials, the monufecture and curing of specimens, and
the technique of heating and testing.

Preliminsry cxperimental work was caerried out to standardize the
method of manufacture; to decide upon the number of rcplicates required
at cach temperature and the range of temperatures to be explored. The
statistical a2nalysis of the results obtained by testing two batches of
twelve specimens each at normel temperaturc, indicated that three
replicates would give for confidence limits of 0+9 a standard deviation
of 10 per cent., By heoting the specimens to different temperatures and
crushing them it appeared that only a small reducticn in strength occurred
at temperatures up to 300°C, Approximately 50 per cent end 75 per cent
reductions in strength were obtained at temperatures of 500 and 600°C
‘respectivcly, From thase tests it was decided that information of
greatest use would be gained by testing the specimens in the temperature
range 200 to 600°C, generally in steps of 100PC. Three replicates would
be uscd for every variable at cach temperature,

For temperaturc measurcments a fins chromel-alumel wire thnrmocouple
was located st the centre point of ¢ach specimen,

(b) Haterials. The Building Rescarch Station supplied the
materials neccssary for this investigation from their controlled aznd graded
stocks, A brief description of the materials used is as follows:

1. Cement: normal Portland cement from a batch in which a large
number of bags had been mixed ir o mechanical mixer to give a uniform
blend.

2+ PFine aggregate: River Sand weshed and uncrushed; engular
gralns, meximum size 240 in.

3. Coarse ﬂggregate Blver Gravel, washed and uncrushed,
irregular shape; size 3 to 75 in.

The azggregates ussl were in a dry state and were kept in steel
bins in a store at an avercge temperature of 65°F. FEqual quantities of
coarse and fine aggregates were found to give the greding curve shown in

Pigure 1,

{¢) Casting and curing

The recommendations in Part 6 of B.S. 1881: 1952 were followed for
preparing the concrete mlx. The materials were proportioned by weight
and a pan type mixer of 1% cu.ft. capacity used for mixing. The pan-
was loaded in the f‘ollcr.nng crder:~ half the cuentity of coarse aggXegate;
then fine aggregate; then cement and finally the remaining half of coarse
aggregate.  The water was sdded irmediately before the rotation of the
drum, and the usual period of mixing was 2 minutes.

\

Twelve steel moulds each having a 26 G. Chromel/alumel thermocouple
held in position at the centre point by means of a 0°010 steel wire, and
tvo 4 ine cube moulds were fixed on a 2 ft. square vibrating table
opcrating at a Tixed frequency and smplitude. The correct vibrating
time for eoch mix vas obtained by trial to give the best compaction,

The moulds werc gradually filled, vibrating the whole time, to % in, of
the top and werc cepped o feu hours after casting with a cement: lime:
sand mortar to obtaln a snoothcr top surfacee.

The specimens werc demoulded 24 hours after casting and marked with
their identification numbers. The first eight batches of specimcas
were stored directly after demoulding in a2 control room whose temperature
was mainteined at an average of 75%F and at a relative humidity of 55«60
per cent.  The specimens for the rest of the investigation immediately
after demoulding were submerged under vater for 7 days and then transferred
to the cond1t10n1ng room until required for testings This modification
in the curing technlque produced stronger concretes at the same age,
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The 4 in. cubes werc curcd with the specimens end were generally
tested at an age of 28 days.

(d) Heating and testing

All the crushing tests were carried out on a testing machine made
for the pwrpose et the Fire Resecich Station and shown in Figures 2,
3 end 4.

‘The specimens wers heated in en electric furnace having a 3 in.
diameter x 9 in. long.steel sheathed refractory tube in an insulated
casing and mounted in the testing machine. Two hollow heat-resisting
steel units which held the spccimens in pesition in the furnace,
transferred the load to the specimen eneipling the crushing lcad to be
applied in the hot statc.  Asbestos millboard pads were interposed
between the faces of the specimen znd the steel units to act as insulatcrs
ag well as to provide o cushicn for slight surface irregularities of the
concrete specimen.

The load was applied hy ‘means of a hydraulic jack connected to an
oil pump and vwas measured by a dial geuge indicator mounted on a
20 ton stecl prOV1ng rinz interposzd between thz specimen and the jack.

For the constant terperature tests the specimen was heated to the
quuired terperature, the furnacc swung into testing positicn above the -
proving ring and the specimen crushed. The furnace was cooled down to
a tomperature of less than 100°C by means of an air blast before
ingerting the next specimon.

For the constant tempcrature-constant stress tests, the furnace
with the specimen in position was placed in the testing position and
the load applied to producc the neccssary constant stress prior to the
start of the heating. The imposed load was kept constant during the
heating period and when the specimen had attained the required
temperature the load was incrcased until the specimzn failled.

The specimens Tor the residusl strength tests were heated in a
separate furnace of similar dimensions. The specimens were kept at
the test temperaturce Tor one hour and then allwoved to cool down
- gradually to the normal itemperature.

(¢) Temmeraturc control

" The tenmperature at the centre of the specimen was measured by a
thermocouplc incorporatced in the specimen during manufacture. 4 similer
thermocouple poaitioned at mid-height in the tabular furnace indicated
the furnsce temperature.

i
Whilec heating a tenporqtqre-ﬁlfpcrﬁntlal existed between the surface
and the centre of the specimen, In order t- avoid causing undue damage
to the speeimen by an excessive volue of this temperature difference
during the period of heating, the rate of heating was controlled 50
that the two temperatures never differcd by more 'than 100°¢.

It was observed in the preliminary tests that it tock 1 to 2 hours
for the centrc of the specimen to gain the last 20°C temperature rise
and attain fthe same tomperature es the furnace. By allowing a maXimum
differcnce of 20°C to exist betwecn the centre and the outside of the
specimen at the time of testing, the heating period was reduced to
recasonable limits. The inean of the two tcnpevatures was teken as the
sverage tcmperaturc of the specimen.

In the beginning the furnace temperaturce was controlled by menual
operation of a volitage regulator. Later an clectronic controller was
deviscd at the Fire Rescarch Station which automatically exercised the
approximations mentioned above,  The controller, shown beside the testing
machine in Figure 2, gave on audible warning when the specimen was ready
for testing. -

AN
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A continuous record of temperatures was kept. The average rate of
heating was approximetely 350°C per hour.

6. Tost results

(a)  General

Groups of two to five bniches, coch batch consisting of twelve
specimens, were manufcctured for cech type of concrete to provide
specimens for diffcrent testing conditions. Three speecimens from each
batch, scleeoted ¢+ rand-a, were crushed without hesting and the mean
compressive strength token as the nornel strength: for the batch,

Similarly tlree revlicates ot cech tommorature level, for cach test
condition, were testeds  The resulis of the tests have been expressed

,as percentages of the normal strength and plotted ageinst the temperatures
Smooth mean curves have beon drawn through the points.

In Table 1 arc given the gencral manufacturing details for each
batch togelher with the cube strength, age at testing and the test
conditions,

(b) Concrete mix 1 3 and three water/cement ratios (groups 1, 2 &

3)

Conerete specimens - of 1 : 3 wix ratio and having water/cement ratios
of 0*50, C*45 and 0°40C respectively werc tested under constant tomperature
conditiong ©o discover the influcnce o water/cement ratio, Thesc
specinens, which were nlaced in the conditicning room directly efter
demoulding were tested at ages varying from 6% to 10 weeks,

The results of thesc tests are plotted in Figures 5, 6 and 7, and
in Figure 8 the three curves are shown together. The results show
that the veriation vetwcen the threc curves is less than that
experienced among the renlicotes of the sawme batceh of the concrete,
Although crncretes of diffcerent normal strenrths were produced by
varying the water/ccment ratio, the properticnsl reduction of %he strength
of ccnerete up to tomoratures of 6009C eppecrs to be independent of the
water/cement rotio uscd.

(c) Ceonercte mix 1 : 3 and vatexr/cement ratic 0°40 (eroup 4)

hree batehes of 1 ¢ 3 mix concrete having a water/cement ratio
of 0+40 were tested at constant temperaturc as well as for residual
strength efter heating., These, and all later specimens, were immersed
in water for seven davs after demcoulding end then cured in the
conditioning rocin. These specimens werce approximately 25 per cent
stronger then the orevious batches of the seme mix and water/cement ratio,

The specimens for residual strength were tested 24 hours after
they had cooled, The results of the tests which are plotted in
Pigure 9, show that residual strength is lower than the constant
temperature strength. The differcnce of 7 per cent at 200°C, increased
to 20 por cent at 450°C and decreased to 4 per cent at 600°C.

(d) Concrete mix 1 : L*5 and two weter/cement ratios {groups 5 & 6)

These specinens were manufectured from ccnerete using 1 3 45 mix
ratic and Watcn/cemcnt ratios of C*50 and O <45 resnectively. In
eddition to constant teiuperatute and residuzl strongth tests, 2 third
of the specimens were tested under constent temperaturc—constant stress
conditions. The constaﬁg stress on the specimens during the period of
heating was 1040 1b. in. being the recosmended value by B,S. Code of
Fractice, CP114 (1948), for dircci compressive stress for this type of
conerctes  When the specimens hed atiained the testing temperature, the
load was increnged until failure cccurrcd.

The residunl strength specimens were Lcsted two wecks after cooling
to allow for eny subsequent deteriorciion or recovery in the strength,
This was adopted as a stondard practice for all further residusl strength
testas, . '

]
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The results of the tests show (Figures 10 and 11) that if the
concrete specimen is under stress during the pericd of heating, the
reduction in strength &t ony given temperature in the ronge covered by
the tests is less then under no stress cenditions, The difference of
4 per ccnt at 200°C increassd to nearly 20 per cent at 500°C.,  Another
noteworthy point is thet up to the tempersturs of 450°C the residual '
strength was appreximasitely 20 per cent less then constant temperature
strength, It appcears that structural and chemical deterioration may
continue for pericds longer than 24 hours after heating.

The mean curves for thesa two groups are plotted in Pigure 12, and
as expected show lititle effcet of water/cement ratic in constant
temverature tests,

(e) Concrete miz 1 : 6, wintur/coment ratio 0°65 (group 7)

Thre tests vierc carried cut on specimens of concrete having a mix
ratio of 1 : 6 and vater/ceument rotic of 065, 4 stress of 836 1b. ine™
was used in constant temperature-constant stress tests. The results of
the test which are plotted in Figure 13, give curves similar to that for
1 & 45 mix concretc specimens. “

(f) Uther cbservations

Colour changes in heated concrecte were observed as rerorted by other
investigators (Fj In the case of rcaldual strength specimens -the '
change of colour to pink started at 250°C and increased in intensity at
higher temperaturcse By careful ovservation it was pcssible te dlstlﬂgulsb
hetween the spec1nens having temperature differences of zbout 100°c,

With the specimons tested hot it vias notviced that the full colour change
corresponding to the test temperature had not occurred when the remains
of the speeimen werc roueved from the furnace.  The process of colour
change contimued ond the specimens acquired the required intensity as
they cooled. The process of hydratim of iron oxidc compounds
(respomsible for the colour change) probably roquired a certain time for
completion and continued aiter the specimens hed been removed from the
furnace.

The formotion of surfoce hair cracks was noticed to stort ot
temperatures of appromiuctely 300°C, the cracks generally tending to be
horizontal. A% 50000 the specimens developed decp cracks, which
inecrcased congiderably on ccoling.,  Soue of the gpecimens heated to
about 550°C could be broken by hand on coeling.

7. Discussion of rcsults

(a) Genersl remerks

Concrete unlilke metals is not a cowpletely homdgencous material,
Structurally it moy be assumed thet the porticles of coarsce aggregate
arc held together in a cement-sand wortar matrix. Iven when manufactured
under strict laboratory conirol, because of 1ts very structure, o ccortain
amount »f varizction in the test results is t9 be expected, Fron the
results of the tests carried out the averapge variation experienced was
of the order of 10 per cent, the variavion in any temperaturc renge was
directly prepovticnal to tHe rate of reduction of the strength in thet
temperature range., ALl the same, the weon curves draw for the different
tests should provide a reliable guide when evaluating the fire resistance
of concret structurcs.

The chemical reacticons that take ploce when concrete is manufactured,

are beyvond the scope. of {hisg investigation but it will be nccessary to

refer to them in o genersl way. Briefly, the hydration of Portland cement
takes place when mixcd with woater, the chief products of hydration being
calcium hydratc. The wrount of vieter used normally in Bixing concrete

is more then necessary for chemical reaction, the cxcess weter usually
disperses itself in finc copillaries in the mass of concretes  Certain
chemical and physical changes take place when a picce of concrete is heated.
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The uncenbined mgisturs would evaporate and disappear at temperatures
in excess of 1007°C, the dchydration of calcium hydrate would occur when
tomperature CXCubﬂS LoOTC, The crystalline transformatlon of' guartz
particles in the aggre;atc takes place at about 575 ¢ accompanied by
large exponsion, The formsticn of cracks in the wmortar starts in the
lower range of temperatures end in the aggregate at comparstively high
temperatures. The loss in the strength c§ mortar is approximately
proportional to the rise in temperature .« for thc temperature range
explored in the prcsont investigation the main factors affecting the
crushing strength are; loss in the strength of mortar, formation of
cracks and the dehwdroiion of caleiuwn hydrote.

(b) Effect of water/cement ratio

The cuentity of water used in menufacturing conerete influences
the final strength aftcr curing, the smaller the proportional amount of
water uscd the stronger the concrcte. Ceuent recuires abcut 20-25 per
cent of its weight of water for complete hydration. In practice a
larger quentity cf woter is uscd to get the necessary workability of
concretes The surplus water stays in the fresh concrete in the fine
capillaries., After curing the quantity of free or uncombined water is
equivalent to the emount the cencrete can retain under the prevailing
conditions of relaotive humidity and tcmperature,

The test results (Figures 8 and 12) show that the propsrtional
strengtn reduction in concrete specimens when heated to temperatures up
to 600°C is independent of the water/cement ratio use@ in the manufacture
of the ccncrete, After the evaporation of free water, obvicusly, it has
no further effect at higher temperatures.

(c) ILffect of age of svecimens

Age-strength relatienship of concrete has been investigated in the
past ond considerable information is available ont the gubject. In the
case of normel Portland cemont concrete if the strength at the age of
one yecar is assumed. to be 100, the respective strength values ot the
ages of 28 days and ¢C days are approximately 70 and 90. Thus at ages
oxcceding three months thoere is comparetively smell gain in strengthe.

Although no spucific.tests viere carried out to explore the effect:
of age, some doduction can be made from the study of the test results,
The specimens in groups 5 and 6, of the same nix of concrete, were tested
at the eaverage ages of 15 znd 29 weeks respectively., The difference in
the ages of the specimens appears to have had no influence on the test
results, It can therefore be assumed that if the specimens are tested
at ages of three months or more there would be no significant effect
due to age on the test results,

(d) Effect of mix ratic

In Figure 14 mean curves of the constont temperature tests on the
specimens of the three concrete mixes tried viz: 1 ¢ 3, 1 1 45 and
1 : 6 are drawn. For each mix the reduction in strength at 200°C is
small, and at 300CC it is of the order of 10 to 15 per cent. The rate
of reduction in strcngth appaars to increase to a maximum as the
tenperature excced 400°C when the dehydration of celcium hydrate mey be
taking plece. Fifty per cent reduction in strength occurs et 450°C
for mixes 1 : 3 and 1 : 4°5 and at 510°C for mix 1 : 6,

From Figure 15, which shows the constant temperature-cconstant stress
results for mixes 1 : 4+5 and 1 : 6, it again appears that the
prepertional reduction in strength is less for the leaner mix at the same
teuperatures.

)
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Regerding the residual strength curves which are drawn in Figure 16,
it should be mentioned again that the 1 : 3 nix gp001mens were tested
2 hours after cocling, whereas the 1 : 4-5 and 1 : 6 specimens wére
teasted after a lapse of two weeks. Possibly the greater lapse of time
between heating and testing in the lower temverature range in the case
of 1 : 4*% and 1 : 6 wix may have increased the amount of detericration,
The results for 1 : 4*5 and 1 : 6 mix although close together, illustrate
the smaller reduction in strength for ihe leaner mix. For these two
mixes the residual strength is approximately 20 per cent less than the
constant temperature results in the temperature renge of 200 to 45090, oo

. On the whele it appears that the smaller the mass of cement or
cement mortar in a concrete, the smaller the proportional reduction at
different temperaturcs,

(e) Effect of testing conditioms

In Figure 17 are drawn the curves for the three different testing
conditions imposed upon the specimens for the mixes 1 L*5 and 1 & 6.
In cach cas e the testing canditions have = 51gn1flcant effeect upon
the test results,

The specimens which are under a censtvent stress Quring the perind
of heating exhibit smaller reduction in strength. than the specimens under
no stress, tue differcnce of about 4 per cent at 200°C increcased to
21 per cent at 500%C, As a tentative explanstion it is suggested that
imposition of a compressive stress would retard the development of the
cracks in the specimen, vhich under z condition of no stress would be
free to extend.

If the temperaturc range is increased the two curves (i.e. constant
temperaturc and the constant tempcrature-constant stress) would meet at
a point where constant cemperature strength is approximately of the same
order as the constant stress imposed on the specimen.  The specimen under
stress would probably fail at a higher tomperature than expected as the -
stress would retard thce development of cracks,

Tae residual strength results on the other hand show that compared
with constant tomperature tests therc is & further loss of strength
during the period of coclinge In the tesperature range 200 to 450°C,
the residual strength eppecars to be approximatcly 20 per cent lower than
the constant ftemperature strength.”™ It wey zgain be that there is an
incrcase of structural damage i.e. due 4o craclts etec. when a speclmen
cools dovm from high temperatures,

Conclusions . -

The following confilusions cecn be drawn from the test results om
the specimens manufactured from the t pes of concretes described in this
report and in the temperature range explored:-

1. The effect of temperature on the crushing strength of concrete
is independent of thc water/cement ratios normelly used in its manufacture,

2. The cement nggregate ratio has a significant effect on the
strength of cencrete exposcd to high tewmperaturc, In general, the
proportional reduction is smaller for leaner mixes than for richer mixes,

3 Concrete under a compressive stress of the order of its design
stress has a smaller proporticnal decreese in strength than if the stroess
were abscnt. At certain temmeratures higher than $00°C the failure would
be expected to occur ot the same point in both the above cases,

k' The residual strongth of concrcte heated to given tcmperaturcs

ig less than its hot strength, the glflcrcncc being ap$rox1nately 20 per cend
in the temperaturc range 200 to 450°C for 1 : 4°*5 and mix concretes.
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" TABLE I

SUMMARY OF TESTS
- Group| Batch|Concrete fiater/! Vibration| Curing Cube Spccimen ‘Test conditions
 No. | No. | mix [cement| time  Iconditions! strength lage at '
| ratio (min) (mean of test
i 2 tegng (weeks)
: Ib in™" =
| .
1 1 ) ; "1} Centrol-|3660 (6w) 6 a.Constant temperature
; 2 1:3 g 0=50 13 } room 4000 (8w) 8 - no stress.
; 3 ) 2y hra 13575 (1w} | 10
| after
| casting.
2 1 g ; - = & Constant temperature
2 1:3 045 15 do - 7 . = no stress
3 ) ) - 10
3 1 %|) 4¢3 |) 040! )20 do 6570 (8w) 8 a.,Constant temperature
2 |) ) ) 7005 (&w) 8% - no stress
4L 1 i } ; Submerged | 7700 (31d)| 12% a. Constant temperature
2 1: 3 |) 0.0 20  lunder 7900 Ezadg 15 - no stress
3 Water for | 8555 (454 14 be residual strength
7 days,
then in
contrel
| hroom
]
5 1 } ) 4187 (35d) | 29% l|a. Constant temperature -
i 2 5790 EB}d 295 |~ no stress
; 3 11 4*5) 0°50 15 do 5920 (284 28% b. rosidunl stiength 3
| L 5700 E}}d 285 ¢. Constant terperature-
! 5 5810 (284)| 28 constant stress
= .
6 1 g g 6720 E28d 15 a. Constant temperature
2 1 1 4951) 0°45 20 do 6850 (28a 15 - no stress
3 'g 6720 EZBd 15 b. rcsiduel strength
I 6860 (28a 16 ¢. Constant temperaturew
: .,constant stress
7 1 § § 3690 EZS&} 31 la. Constant temperature
2 A 3730 (284 30 - no stress '
3 16 0°65 12 do 4475 (533G 28 be regidusl strength
4 3 3 470 28&} 273 c. Constant - temperature=
5 4225 (304 27 constant stress

® "w" stands for weeks and "g"

stands for days
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