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e aff,Residual strength in
concrele after exposure
to elevated temperature
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e loss of conerete strengthwhicen exposed Lo liigher tenipera-
and the recovery af lost strength due to rehydration of
icrefe with tinte have beenstudicd inatest programme. The
1ete has beere eaposed o fowr different temperatures fora
plione of four hours. The paper presents the delails of the
sl progrannne, resulls and also compares the sanie wilh
wilier investigations carried out abroad. The data will be
pud in assessing the residual strength of concreleafler fire
i assessing the structioal  adequacy of fire-distressed
rchires.

Jmagie in concrete structuies cue to (ire depends to a great

ncrete manifests in the form of cracking and spalling of the
rele surface. Sometimes, due to severe exposure the rein-
mcement gels exposed and Livisted and the overall stability

5 the structural adequacy of such fire-aflected struc-
uies considering the resicdual strength of conerete and rein-
ing bars.

Theresidual strenglh of concreteaflera (ireis generally less
the original design strength. Itis difficult to estimate the
duction in concrete strengthina fire-affected structure. The
if §pmclice forassessmentof concrete strengthiis to conduct
weral tests like rebound hammer test, ultrasonic pulse veloc-
y lest, resonant vibration lest and actual compressive
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strength test of cores taken out from the fircexposed struc-
tures. :

Anather method ol assessing the residual compressive
strength is to assess the temperature of exposure Lo which
concrete has been subjected to, and estimate therefrom theloss
in compressive strength. This method of assessing the resid:
ual compressive strength has been used by investigators in
some fire-distressed structures"”

Earlict,
loss of compressive strength of concrete exposed to high
tt':n\pcralurc“'s The loss of compressive s{rcngt\\ of concrele
with teinperature as obtained by Harada” is given in Fig 1.

various investigators have carricd oul work on the
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Table 1 : Details of 100-mm concrefe!

Crment-ag-
gregale ratio

Time elapsed

No.of  Numberg
before lesfing

control
cubes

1:6 Onc day alter’ 3
exposure
90 days after 3
exposure
1B0 days after 3
exposire
365 days alter 3
cxposure

145 Onc day alter 3
exposure
90 days alter 3
exposure
180 days after 3
cxl)l,‘ﬂﬂr[‘
365 daya after 3
exposurc

Fig 2 Compressive strength ol concrete at high lemperature

Some investigators working on the subject have found that
concrele gains ils strength instead of losing between tempera-
ture range of 100 to 3K°C. Fig 2 shows some test nesulls
reported by Abrams', Specimens were heated to test lcn:\pera-
tures while stressed 1o 0.4 f+. It may be observed that there is

gainin compressive strength for concrete with carbonate and
siliccous aggregate lypes.

Itmay be noted from Figs 1and 2 that the loss of compres-
sive strength in concrete when exposed to "higl\" temperature
may be reduced to about 25 1o 30 percent of the initial strength.
The loss of strength of conerete with temperature as gi}"cn in
the Technical chorl 15 of the Concrete Socicty, London’ is
reproduced in g 3(a) and the same has been (urther S’l‘l\\PH-

ticdd o' a straight line plot as in T'ig 3(b) for consistency, with
other documents®. ‘ :

It has also been observed by Harada® that concrete which
hasbeen heated at temperature below 500°C rehydrates while
c(\o\‘mg down and gradually regains most of its

* Cubes found crumbled al the time of testing and |
lested In compression

Test samples

A test program was undertaken wherein 60 con
cach of cement-aggregate ratio 1:6 and 1:4.5
the total 120 cubes, 24 cubes consisting of 12
1:4.5 cement-aggregate ratio were treated as
and tested for compressive strength after 28
remaining cubes, 24 cach (12 cubes of cach mix
10 200, 400, 60X and 700 /800°C. Out of these 2
(3 cubes of cach mix) were tested for comp
onc day after exposure, 6 cubes afler 90 days, 6all
and remaining 6 after 365 days. Initially, it was pr
the cubes will be exposed o the highest temperal
bul this exposure causcd extensive cmcking m
cubes. It was also found that if such cubes we
remain for a longer period after exposure, the
signs of crumbling as canbe seen from Fig 5. It
that the colour of the surface turncd to white,

streugth. The comprcssi'\»'e strenglliis reported to o
recover to about 90 percent of the original

strength after about one year. Tig 4 shows the
recovery of compressive strength of normal-

weight concrele heated at various temperatures
with thme.

08

After comparing the findings of various
authors and considering that no data for loss of
compressive strength is available in India, a test
programme was undertakenat the Central Build-
ing Research Institute (CBRY), Roorkeeg, to assess
the loss of compressive strength in concrele due
to exposure Lo clevated temperature. The paper 0
nives the details of the test parameters taken for
investigation and discussions on the loss of com-
pressive strength and subsequent recovery dur-

Compressive strength rato
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Fig 3 Compressive strenglh on cooling
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Table 20 Compressive strengthratio of conerete cubes at
clevated femperatures

el Lune eligrad befine Papwsure lemperature

bty vole fendiny : 5 i 5 s P _:
atiy ' SAE g 0 Aec TG
Ratio of compiessive strength (based on
average of 3 aubes)
la One day after 1.05 111 0.68 0.
CxposTe
U0y alter 1.n 1.04 0 H2 - 0.45
exprontie
i sbays alte 1.12 L 02 0.87 075
("\l“"-\l|l‘ )
Hhdays after 108 1.07 0.9 -
exposure
145 One day alter 110 1.06 0.71 - 002
exprmufe .
O days after 1.04 112 0.74 - 042
\_'\'\)'-Ul‘l'
180 days alher 1.12 104 0.50 0.65
l'llﬁl'-“rc
S daysalier 1.8 1.10 0.62 0.78

exprnure

S Cubes found crumbled atthe time of testing and thus could not be tested in
sempression

T

The cubes were exposed to the clevated lemperature {or a
Cduationof 4 hours. Thiee cubes were fired simultancously in

a lurnace and were tested fiva compression testing machine at
one day, 90 days, 180 days and 365 days alter Tiving. Table 1
pives the details of the cubes exposed 1o various temperatures
and tested thereafller atdifferent time intervals, The sand used
for making the cubes was locally-available river sand, having
fineness modulus of around 1.3 and 20-nm down silicecous
Luarse agprepale.

The compiessive strenglh of the cubes exposed to clevated
temperature and expressed as ratio of the compressive
shiength of the control cubes (tested after 28-day curing inthe
laboralory) is giveninTuble 2. 1Lmay be noted that three cubes
al b cement-aggregate ralio, exposed to 800°C and scheduled

ramnc
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Fig 4 Molursl racovory ol comprosslve slronglh of conwrole
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Flg 5 Cube fired st 800°C and ollowed lo remaln lor one year
! .

3

to be terted afler 365 d ays could not be tested since the same
showed signs of crumbling. Alter noting this phenomenon,
the temperature of exposure was reduced to 700°C for 3 scts
of concrete cubes. The strength ratlo given in Table 2 arc
reprochuced in Fig 6 for cubes of T:6and in Fig 7 cubes of 1:1.5
coment-agpregale ralio.

Disc Gsion of testresults

From Figs 6 and 7 it may be concluded that the compressive
strenglh imarginally increases upto an exposure lemperature
of about A00°C. At temperature higher than A0°C the strength
redtuces drastically and goes down toaslowas 2510 30 percent
of the il\ilinl'slrcnglh. This is in broad agrccmc‘nl with the
obscervations of Abrams® as given in Fig 2, allhough the
percentage increasc in strenglly in his test series was less than
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Fig 6 Change In comproeaslve slrength an expoaute 1o elevaled
temporaluro (1:6 comenl-aggrogulo rullo)
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Fig 7 Chonge In compresalve slrength on exposure to blevu\cd
lemperalure (1:4.5 cement - sggregale ratio)

that obtained in this study. i

There is some difference of opinion as refgards e increase
of mmprumvc <lrcng\h of concrete at the temperature range
2K Lo 40°C, Harada®, Malliotra’ and others havc shown no
suchincrease on heating, ths 1and 8.

['ig 9 shows theaverage change incompressive strength of
concrete considering concrele cubes of both 1:6 and 1:4.5
coment- aggregate ratio. fnabsence of adequate test data, the
curvesasgiveninFig 9 forassessing theresidual strengthafter
different period of exposuré may be assumed f(or design pur-
posc. The use of this will lead to conservative resulls since it
is known that the strength reduction of concrete stressed at
the time of healing is less than that of unstressed concrele.
Mathotra' has reported the inflluecnce of loading and the ce-

ment-to-aggregateratioonthecompressive strengthas shown

in Fig 8 for concrete made with Portland cement, !
gate consisting of sand (rom river deposit and
gate consisting of flint, Fig 8 indicates that loss in
strength is substantially less when the concrele i
Since majority of structural concrete will be stross
under dead load at the time of exposure to fire,
cation to the previous data of Fig 9 is advisable.

The observations of Harada® (Fig 4) regardi
compressive strength with time aller exposur
dration has also been confirmed in the presents
shows the recovery of strength with time as ab
present study based on Fig 9. 'The recovery has bee
even for corcrete cubes heated beyond 600°C,
asscssment of therecovery of compressive stre
be obtained from Table 2.

Conclusions

The following conclusions have been drawn M;L
present study :

_ (i) The lest results presented in this paperg
indication aboul lhe increase in comp
strength for exposure to lower b
range and decrease Lo higher range.

(ii)  With time, there is a recovery of
strength duc to. rchydration of cone
recovery may be about 80 pcrccnl of th
strength,

(iii)  Thecurves presented for the Toss of com

strength due to exposure to high

may be used conscrvatively since the
based on unstressed concrete cubes.

(iv) “Theresults presented in this paper areus

investigation of structures distressed

cidental firc. For assessing the strucl
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pools. :
® Apply over rendered brick work, brick
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