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ABSTRACT

Cement concrete is a complex mixture of different
materials, for which the properties may alter in different
environmental conditions. The behaviour of concrete in
fire depends on its mix proportions and constituents. The
principle effects observed in the concrete due to elevated
temperatures are loss in compressive strength, loss in
weight (or) mass, change in colour and spalling of
concrete. Due to these changes there is a great need of
study in this region. The objective of this limited study
was to provide an overview of the effects of elevated
temperature on the behaviour of concrete. In meeting this
objective, the effects of elevated temperature on the
properties of normal concrete and self compacting
concrete materials are summarized. The compressive
strength was determined at different temperatures, thus
providing scope of determining loss/gain in strength. In
addition, modes of cooling, variation in different grades
of concrete were studied. As the fire affected concrete
cannot undergo destructive in practical situations, Non-
destructive testing (NDT) methods, i.e., Rebound hammer
test were also adopted and the results were co-related.
1. INTRODUCTION

Concrete is main ingredient used in construction
where it should resist the fire. Over the last three
decades, there have been significant research and
development activity in concrete technology and this
has led to improved concrete mixes known as High

performance concrete. These HPC mixes include

High Strength concrete (HSC), Self Compacting
Concrete (SCC), Fibre Reinforced Concrete (FRC)
and Fly ash Concrete (FAC) which are economic
,durable and have more high Strength .concrete is
made by lowering the water cement ratio to as low as
0.3 due to which the strength, modulus of elasticity
of the concrete increases. The ingredients of high
strength concrete are the same as those used in
conventional concrete with the addition of one or two
admixtures, both chemical and mineral. High
Strength Concrete reduces the quantity of the
concrete required compared to the conventional
concrete so the cost of construction will be less. High
strength concrete requires less formwork so the
construction time reduced while removing the
formwork etc.

SCC is prepared by increasing the water cement ratio,
reducing the coarser and fine aggregate volume ,
increasing cement volume and maintaining the coarse
aggregate size as same . The behaviour of concrete in
fire depends on its proportions of aggregates ,cement
water-cement ratio used and types of materials and
admixtures used and it is find out by thermal
properties those heat transformation during the fire

and temperature level. Normal strength concrete and
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high performance concrete micro structure follows
similar trends when heated, but ultra high strength
concrete behaves differently. A key property unique
to concrete amongst structural materials is transient
creep. Failure of structural concrete in fire varies
2. LITERATURE REVIEW
The behaviour of RC members under fire is quite
different from that at room temperature mainly due to
the fact that under fire conditions, applied loads
generally remains constant, but the strength and
stiffness of the member degrade with fire exposure
time. The increasing temperatures lead to gradual
degradation of properties in concrete and reinforcing
steel which in turn reduces the strength and stiffness
of the member. With the progression of fire exposure
time, this rise in temperature extends to the inner
layers of concrete leading to further reduction in
strength and stiffness, which will continue till the
strength of the member decreases to the level of the
applied loads.
Sujith Ghosh et al
This studied on the effects of high temperature up to
232°C and high pressures up to 13.8 Mpa on the
concrete .They concluded that there is a decrease in
strength due to decrease in bond strength between the
materials with temperature.
Sarshar R and khoury G.A et al

This theory carried out investigations to asses the
influence of material and environmental factors on
the compressive strength of unsealed cement paste
and concrete at higher temperatures and found that
both material and environmental factors were
influencing the strength of concrete during the heat
cycle and after cooling. Duration of high temperature
did not significantly affect the residual compressive

strength of the specimens except at lower temperature

according to the nature of the fire; the loading system
and the type of structure .The spalling action is
reduced by providing polymers as admixtures in the

concrete.

ranges of 100°C. They concluded that at high
temperature there is no changes in strength and while
decreasing the temperature there is a much
differences in strength.

Castilo C and Durrani A J
In this carried out investigations to study the effect of
transient high temperatures on compressive strength
of high strength concrete under both unloaded and
pre loaded conditions and to compare the behaviour
with that of normal strength concrete. Based on the
results obtained in the study it was concluded that
when exposed temperatures in the range of 100 to
300°C.

M. Saad etal

This paper investigated the effect of temperature on
physical and mechanical properties of concrete. In
their study ordinary Portland cement has been
replaced by silica fume and fly ash. The heat
treatment temperature varied from 100 to 600°C for
three hours without any load. The specimens were
heated under similar conditions for each temperature
level. Comparisons between physical and mechanical
properties during heat treatment were investigated.
All specimens were moist cured for 28 days after
casting. Results of this investigation indicated that
replacement of ordinary Portland cement by 10%
silica fume by weight improved the compressive
strength by about 64.6% but replacement of ordinary
Portland cement by 10% silica fume by ratios 20 and
30 % improved the compressive strength by about
28% at 600°C.
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OBJECT AND SCOPE OF INVESTIGATION:

following questions:

1. What are the changes in structural behaviour of the
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Not of| No: of| No: of | No: of
5. | Grade specimens specimens specimens specimens
ot Temperat | cast castlS0X150X1 | <t cast
O | comer |ure 150X150X15 | S0mm (Al 150X150X15 | 150X150X15
state) cooling) quenching) Ome
- 3
1. | amo  |400°C 3 3 3
600°C 3 3 3 .
800°C 3 3 3 -
3. EXPERIMENTAL PROGRAME N e e T3 ; ;
600°C 3 3 3
800°C 3 3 3 -
3 | ama |400°C 3 3 3
. . . . . . s00°C 3 3 3
The objective of the investigation tries to answer the P 3 3 -
4 | aa | 400°C 3 3 3
s00°C 3 3 3
800°C 3 3 3

concrete when it is subjected to high temperature?

2. How to quantify changes in structural behaviour of
NC and SCC when these subjected to high to high
temperature?

3.What is the effect of cooling regime on the
strength behaviour of SCC and NC?

4.1s there any risk of spalling of concrete when it is
subjected to high temperatures?

5.How the hardness of surface is changing with

elevated temperatures?

In this experiment 120 cubes 60 cubes were casted

with M20 and M40 NC and remaining 60 cubes

were casted with the same grades of SCC.
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MIX DESIGN:

From technical point of view the rich
mixes may lead to high shrinkage and
cracking in the structural concrete, and
to evolution of high heat of hydration
in mass concrete which may cause
cracking.

REQUIREMENTS OF CONCRETE
MIX DESIGN:

The concrete mix design proportions are provided
in Table

Concrete mix design proportions

M0 1
0

Fins sgeraats 1000 1100

Cemant

Coatse aegragmte

il 062

Weter-cementsafio

TESTS ON CONCRETE:

1Compacting Factor
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4. L ABORATORY OBSERVATIONS

5

SCC Mix proportions RECORDED
M20 I. COMPRESSIVE STRENGTH:
CF=4060 1. Compressive strength of M20 NC
Cament | Flvash |[F.A CA Watar | 8P420
270 200 1133 636 2025 [3312 Temp Atair cooling Atwater quenching Athotcondition
1 0.74 4128 18 073 0.123 T~
(3016 |125 |10 475|236 |118 |06 |03 emperaaat)
[0.04 0.04 0.12 0.2 0.03 0.06 0.21 0.3 26.00 26.00 26.00
o 50.3 21.66 39.00
M40 00
26.80 21.03 17.63
CF=40/60 " 11.36 16.36 15.00)

Cement| Flvash |FA CA Water [ 8F430
420 134 1131.56) 682,44 | 216.8 [31.08
1 0.36 2.7 1.61 0.34 0.074

2. Compressive strength of M20 SCC

(2016 |125 |10 [475 |236 |118 |06 |03 Temp AMaircooling | Atwaterquenching | A ket medier
[0 005 |00 |03 |oos 008 021 o3 o e - -
V funnel teSt 400 17.71 11 1377
L0 812 17112 1313
A E03 £34 173

3. Compressive strength of M40 grade N

Temperature Compressive stengih D: ive strength [ C e smemgth
povided under =r coeling undear water under hot comdition
quenching
Reom
wmperature(17) 4875 4975 4973
400 27.72 3138 4313
00 16.81 13350 3513
L BOX Test ane 14.80 1330 1690
200 3 s Uit »mm .
il ] 4. Compressive strengths of M40 grade SCC
RCoara O X #i2
9/ Cop 35 rnrn

| .o—zooc _|
Ex E00

O—2 0|

Cube Compressive test
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Temperature Compressive swength | Compressive strength | Compressive stwength
provided under sit cooling under water umder hot condition
quenching
Room 50.60 50.60 30.60
temperature(27)
400 18.40 13.18 20.66
600 16.80 17.95 30.00
800 10.90 1200 15.60

Temperature provided

Compressive strength m ar

Compressive strength m ar

cooling(NC) cooling(SCC)
Room temperature(27) 26.00 27.56
400 5033 17.71
600 26.80 012
800 11.36 6.05

5.Comparison of Compressive strengths of
M20 NC vs SCC under different cooling

regimes.

Temperature provided

Compressive strength
water quenching (NC)

Compressive strength in
water quenching (SCC)

Room temperature(27) 26.00 27.56
400 2166 22.27
600 2103 17.12
800 16.36 6.54

6.Comparison of Compressive strengths of
M20 NC vs SCC under different cooling

Temperature provided Compressive strength in high | Compressive swength m high
temperature condition (NC) temperature condition (SCC)
2 27.00
27.56
400 30.00 18.77
600 17.63 18.18
300 15.00 10.75

7.Comparison of Compressive strengths of
M40 NC vs SCC under different cooling

regimes.

Temperature provided

Compressive strength 1n low
temperature condition(NC)

Compressive strength in low
temperature condition(SCC)

Room temperature(27) 4075 30.60

400 1mn 18.40

600 16.81 16.80

300 14.80 10.90
8.Comparison of Compressive strengths of

M40 NC vs SCC under different cooling

regimes

e-ISSN:
p-1SSN:

2348-6848
2348-795X
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Temperature provided

Compress
water quenching (NC)

ive stength in

Compressive strength in
water quenching (SCC)

Room temperature(27) 4075 50.6
400 3136 13.18
600 235 17.95
800 138 12

9.Comparisons of Compressive strengths

of M20 NC vs
cooling regimes.

SCC under different

Temperature provided Compressive swength i Compressive stength
NC) (SCC)
Room temperature(27) 40.75 50.6
400 4818 2966
600 33.18 30.00
300 16.9 156

1.
NUMBER

TEST RESULTS ON REBOUND

1. Rebound numbers of M20 grade NC

Temperature Rebound number Rebound number Rebound number
Provided under air cooling under water under hot condition
quenching
Room
temperature(27) 26 26 26
400 23 21 21
600 21 20 19
800 12 14 12
2. Rebound numbers of M20 grade SCC
Temperature Rebound mumber Rebound number Rebound number
provided under ar cooling under water under hot condition
quenching
Room
temperature(27) 28 28 28
400 12 13 10
600 11 10 10
300 10 10 10
3. Rebound numbers of M40 grade NC
Temperature Rebound number Rebound number Rebound number
provided under ar cooling under water under hot condition
quenching
Room
temperature(27) 45 45 45
400 25 20 2
600 13 16 14
300 10 10 10

4. Rebound numbers of M40 grade SCC
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5. RESULTS AND DISCUSSIONS
Compressive Strength Vs Temperature for M20

S

grade NC
. M20
50
40
30
F--c_\::_
20
10
o -
o 200 400 600
Temperature., c

== Air Cooling
—m—Water Quenching
hot state

BOO 1000

February 2018
Temperature Rebound mmber Rebound number Rebound number Compressive Strength VS Temperature for- M40
provided under air cooling under water under hot condition
quenching gl’ade NC
Room
temperature(27) 40 40 40 ® M40
SO
400 13 12 10
600 1 1 10 gg »
800 ) 1 10 E' » —a—Air Cooling
- ~8—Water Quenching
5. Comparison of M20 NC vs SCC E © .
Rebound numbers ", w00 1000
Temperature provided Rebound mumber i air Rebound number i air 5,
cooling(NC) cooling(SCC) tempetahye.e
Room temperature(27) 27 28
400 22 13 f
= = > Compressive Strength Vs Temperature for M40
300 n m grade SCC
6. Comparison of Rebound numbers of . M40 5scc
M40 NC vs SCC 50 1
Temperature provided Rebound number i air Rebound number i zir a0
cooling(NC) cooling(SCC)
Room temperature(27) 46 40 30 =& Air cooling
20
400 % 5 :ﬁwuuenchir\g 1w
600 14 12 Hot State
o -
o v ® o 500 1000
Temperature,’c

Compressive Strength Vs Temperature for M20 grade
NC and SCC under Air Cooling

M20NC V5 5CC

o
[=]

(¥,
(=]

strength valuesin
= (=] w
J

ap

* AirCooling Mg,
i~ Air Cocling 5CC

o _ 500 1000

Compressive Strength Vs Temperature for M20  Compressive Strength Vs Temperature for M20 grade NC

grade SCC

M20SCC

[F - ]
(=T -]

Stremgth velues in Mpe
7

—#— Air Cooling
~——"Water Quenching

Immediate Fire

1000

and SCC under Water Quenching

M20NC VS SCC
60
=
§§ 50
= 40
3 3 == wWater Quenching
a Ng
= 20 W .
E= ==~ Water Quenching
£ w0 scC
o
o 500 1000
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Compressive Strength Vs Temperature for M40 grade
NC and SCC under Air Cooling

M40 NC VS SCC

o
(=

FET, ]
=]

== Air Cooling NC
== Air Cooling 5CC

strength valuesiWa
=]

=
[=T =Y

500 1000

=]

Compressive Strength Vs Temperature for M40 grade
NC and SCC under Water Quenching

M40 NC VS SCC
60
50 My
40
30 —#—\Water Quenching
20 NC
10 ~——'Water Quenching,
S5CC
0+
0 _ 500 1000

Compressive Strength Vs Temperature for
M40 grade NC and SCC under Hot
Condition

M40 NC VS SCC

AN ]

g

%= Hot State, N,
—m— Hot State, SCC

Stresngl volues nMpa
=]

o
a 500 1000

o =

2 Graphs representing rebound number:
Rebound Number Vs Temperature for M20
grade NC

Volume 05 Issue 04
February 2018

M20

——air cooling

—il—water quenching

~— Hot State

o _ 500 1000

Rebound Number Vs Temperature for M20
grade SCC

60

M20SCC
50-|
E a0
5§
=
3 30
g 20\“ ~* air cooling ——
water guenching
10 e ne
" Hot State
0 .
0 200 200 600 80D 1000
Temperature.’c

Rebound Number Vs Temperature for M40
grade NC

60

.
§
=
2 =& air cooling
& —i— water guenching

o T HotState

1] _ 500 1000

Rebound Number Vs Temperature for M40
grade SCC

M40 5sCC

== ajr.cooling

—— water guenching

Re boud Mumber
MW
5 (=] (=]

-
Hot State

o _ 500 1000
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Rebound Number Vs Temperature for M20
grade NC and SCC under Air Cooling

M20 NC vs SCC

60
50
40

——

Rebound Number

gircooling NC
=l zir cooling SCC

o 500 1000

Rebound Number Vs Temperature for M40
~ grade NC and SCC under Air Cooling

M40 NC vs SCC

&0
50
&

30

Rebound Murber

20 e gircooling NC
=ll=zir cooling 555
10

o
0 _ 500 1000

6. CONCLUSIONS

1. Compressive strength of the concrete decreased
as temperature increases. Loss of Compressive
strength SCC is more than the loss in NC.

2. In case of NC the strength decrease on an
average is observed to be 16.6%, 25.5% and 43%
and SCC values are 30.1%, 47% and 72.1% at
400°c, 600°c and 800°c respectively.

Higher strength concretes have higher percent loss
in strength than lower strength concrete. However
the difference becomes less significant at
temperatures greater than 400°c.

Of the three states of ‘testing of specimens’ i.e.

1. Testing after air cooling
2. Testing after water quenching

3. Testing in hot state,

4.

Volume 05 Issue 04
February 2018

Normally referred to as cooling regimes, more
percent decrease in strength

observed in case of ‘testing after air cooling’
in both NC and SCC.

Testing after water quenching resulted in higher
loss in strength compared to the strength

obtained in testing at hot condition.
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