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elestrenglh when exposed Lo h igher tempera-
tecovery of lost strength due lo rehydration of
ith tinie have been studied in a test programme. The
@s been exposed to four different temperatures Jora
iffour lours. The paper presents the delails of the
e, resulls and also compares the same with
ations carried out abroad. The data will be
sing the residual strength of concreteafter fire
itlg the struchoral adequacy of fire-distressed

crete structures duc to fire depends to a great
tensity and duration of fire. The distress inthe

its in the form of cracking and spalling of the
¢. Sometimes, due o severe exposure the rein-
8 exposed and twisted and the overall stability

becomes doubtful, 1t then becomes necessary
ructural adequacy of such fire-affected strue-
15 the residual strength of concrete and rein-

strength of concreteafterafire s generally less
ihal design strength. It is difficult to estimate the
ncrete strengthina fire-affected structure. The

rassessment of concrele strengthis to conduct
erebound hammer lest, ultrasonic pulse veloc-
ant vibration test and actual compressive
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strength test of cores taken out from the firc-exposed struc-
tures. : #

Another method of assessing the residual compressive
strenglh s to assess the temperature of exposure 1o which
concrete has bcensubjeclcd to, and estimate therefrom the loss
in compressive strength. This method of assessing the resid:
ual compressive strength has been used by investigators in
some (ire-distressed structures™,

Earlier, various investigators have carded out work on the
loss of compressive strength of concrete exposed to high
temperature™’. The loss of compressive strength of concrete
with temperalure as obtained by Harada® is given in Fig 1.
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Table 1: Details of 100-mm concrete cube specimens
Centent-ng-  Time elapsed No.of  Number of cbes exposed for fou
gregaie ralio  before testing  control hours to :
S 200°C 400°C 600°C 700°C g007C
HD—~ — o~
o~
e 1:6 One day after 3 3 3 3 - 3
. - ' ) exposure
+-——r¢ Carbonate Y B \ 90 days after i) 3 3 3 - 3
0-=~—0 Siliceous \ | expostre
D--—:-0 Sand-lightweight _\‘ \1‘ 180 days after 3 3 i 3 35803
i Oeiginal sirength fe | Y 4 " exposure . =
Average 1. 13900 1b/ inl \“\ \0 365 days afer 3 8 < 3 3 3
=i exposure
Stressed 1o 0:4 1. during heating o, .
\\\ 145 One day afler 3 3 3 3 - 3
Ny exposure
I L ! I I ! 7 90 days after 3 e TSI TR e
94 205 116 627 518 649 760 exposure .
Temperature ,°¢ 180 days after 3 3 3 3 3 -
CKPL“UI(‘
365 days after 3 3 3 J 3 -
exposure
ompressive sirength of concrete at high lemperalure

gators working on the subject have found that
1ins its strength instead of losing between tempera-
100 to 3X°C. Fig 2 shows some lest nesults
Abrams", Specimens were heated to tost tempera-
e stressed to 0.4 f . [tinay be observed that there is

\pressive strength for concrete with carbonate and
gregate lypes.

¢ noted from Figs 1 and 2 that the loss of compres-
} 11 inconcrete when exposed to "high" temperature

iced to about 25 to 30 percent of the initial strength.
Ol strength of concrete with temperature as given in
lical Report 15 of the Concrete Socicly, London’ is
n Fig 3(a) and the same has been further simpli-

ight line plot as in Fig 3(b) for consistency, with
Sl -

ed at temperature below S00°C rehydrates while
nand gradually regains most of its

been observed by Harada® that concrete which

* Cubes found crumbled at (he time of testing and thus could not be
tested in compression

Test samples

A test program was undertaken wherein 60 concrete cubes
cach of cement-aggregate ratio 1:6 and 1:4.5 were cast, Out of
the total 120 cubes, 24 cubes consisting of 12 of 1:6 and 12 of
1145 cement-aggregalte ratio were treated as control cubes
and tested for compressive strength after 28 days. Out of the
remaining cubes, 24 cach (12 cubes of each mix) were exposed
Lo 2(X), 400, GO0 and 700/800°C. Qut of these 24 cubes, 6 cubes
(3 cubes of each mix) were tested for compressive strenglh,
one day alter exposure, 6 cubes afler 90 days, 6after 180 days
and remaining 6 alter 365 days. Initially, it was proposed that .
the cubes will be exposed Lo the highest temperature of 800°C,
but this exposure caused exlensive cracking in the concrele
cubes. It was also found that if such cubes were allowed to
remain for a longer period after exposure, they start showing
signs of crumbling as can be seen from Fig 5. It was also found
that the colour of the surface turned to white. For this reason
the temperature of exposure’ was subsequently reduced to

Ihe compressive strengthis reported to’

bout 90 percent of the original
ter about one year. Fig 4 shows the
compressive strength of normal-
Crete heated at various temperatures

SMmparing the findings of various

i consicering that no data for loss of
Y€ strength is available in India, a test
€ Was undertakenat the Central Build-
h Institute (CBRD), Roorkee, to assess
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L Compressive strength in concrete due
e Lo clevated temperature. The paper 9
= ctails of the test parameters taken for
and discussions on the loss of com-
ength and subsequent recovery dur-
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.’H;}—;;,r,m Paposure lcn:-pc:rru;_ e __:
ling _m:k@‘ﬂ"c 600°C  700°C  §op°C
Ratio of compressive st rength (based on
e L
T

BT 0.68 : 021
i 1.1 104 082 : 0.45
Al 2 102 087 o075 :
Blicr LI 107 0w : -

e ilay after L0 1.06 0.71 - 0.2

- 1.08 2 oM. 0.42
after 112 1 0B 04G .
ays after 8 110 082

0.78 -

umbled at the time of testi ng and thus could nol be tested in

ere exposed to the clevated temperature for a
urs. Three cubes were fired simultancously in

ere tested ina compression testing machinc at
lays, 180 days and 365 days afler ficing. Tuble 1
ils of the cubes exposed 1o various temperatures
fdiherealter at different time intervals. The sand used
g the cubes was locally-available river sand, having

modulus of around 1.3 and 20-mm down siliceous
ggrcpale,

Ipressive strength of the cubes exposcd lo elevated
ire and expressed as ratio of the compressive
bfthe control cubes (tested after 28-day curing inthe
s givenin Table 2. It may be noted that three cubes
liehtkaggregate ratio, exposed to 800°C and scheduled

Time , month

.-‘ nice g
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Fig 5 Cube fired at 800°C and allowed lo remain lor one year
]

to be tested after 365 days could not be tested since the same
showed signs of crumbling. After noting this phenomenon,
the temperature of exposure was reduced to 700°C for 3 sets
of concrete cubes. The strength ratlo given in Table 2 are

reprocuced in Fig 6 for cubes of 1:6:and in Fig 7 cubes of 1:4.5
cement-aggregate ratio,

Discussion of test results

From Figs 6 and 7 it may be concluded that the compressive
strength marginally increases uplo an exposure temperature
ofabout 400°C, At temperature higher than 400°C the strength
reduces drastically and goes down to as low as 25 to 30 percent
of the initial strength. This is in broad agreement with the
observations of Abrams® as given in Fig 2, although the
percenlage increase in strength in his test series was less than
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in this study. i

some differende of opinion as régards the increase
sive strength of conerete at the temperature range

se on heating, Figs 1 and 8.

s the average change in compressive strength of

sidering concrete eubes of both 1:6 and 1:4.5
goregate ratio. In absence of adequate test data, the
pivenin Fig 9 for assessing the residual strengthafter
fitperiod of exposure may be assumed for design pur-
feuse of this will lead to conservative results since it
W0 (hat the strength reduction of concrete stressed at
healing is less than that of unstressed concrele.
125 reported the influence of loading and the ce-

Harada® Malbiotra® and others have shown no .

in Fig 8 for concrete made wilh Portland cement, fine aggre-
gate consisling of sand from river deposit and coarse aggre-
gate consisling of flint. Fig 8 indicates that loss in compressive
strength is substantially less when the concrete is stressed.
Since majority of structural concrete will be stressed at lcast
under dead load at the time of exposure to fire, some modifi-
cation to the previous data of Fig 9 is advisable,

The observations of Harada® (Fig 4) regarding recovery of
compressive strength wilh time afler exposure, due to rehy- '
dration has also been confirmed in the present.study. Fig 10
shows the recovery of strength with time as obtained in the
present study based on Fig 9. The recovery has been observed
even for corcrete cubes heated beyond 600°C. Quantitative

assessment of the recovery of compressive strength may also
be obtained from Table 2. ;

Conclusions

The following conclusions have been drawn based on the
present study :

. (i) The test results presented in this paper gives an
indication about the increase in compressive
strength for exposure lo lower temperature
range and decreasc to higher range. -

(i)~ With time, there is a recovery of compressive
strength due to .rehydration of concrete, The -

recovery may be about 80 percent of the initial
strength, :

(i) The curves presenled for the loss of compressive
strength due to exposure to high temperature
may be used conservatively since the results are
based. on unstressed concrete cubes,

(i) The resulls presented in this paper are useful for
investigation of structures distressed due to ac-
cidental fire, For assessing the structural ade-
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Water Resistant
TILE ADHESIVE

USES ;
® Bonding ceramic wall liles and mosaic
liles in exterior- and interior situations
such as bathrooms, toilets, shower
‘recesses, laundries and swimmin
pools. g
® Apply over rendsred brick work, brick
masonry or concrete surfaces.
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