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According to Neville an increase in curing temperature

Abstract: This paper presents the effect of temperature on the  increases the rate of hydration reaction and the hydration
rate of gain of strength of concrete. Different samples of concrete  products are formed early. Although a higher casting
were cast at different temperatures and various properties of temperature increases the initial strength of concrete,it may

concrete in fresh and hardened state were determined. It was adversely affect itslong term strength (Neville, 1997)
observed that the three strength parameters viz. the compressive Thisisbecause at high initial temperature the hydration reaction will be fast,

strength, the split tensile strength and the flexural stre_ngth_ of resulting in non uniform distribution of the hydration products with a poorer
concrete are adversdly affected when the temperature duf' ngfirst  physical structure, consisting of more unfilled pores. Since the voids do not
24 hours is less than or egual to zero degree Celsius. The  contribute to the strength of concrete, a low temperature with cause
compressive strength of concrete was determined using 100mm  hydration at aslow rate, thus resulting in auniform distribution of hydration
and 150 mm cubes and a comparison was made between the two. products within the interstitial space and high strengths at latter ages.

It was observed that the strength of 100 mm cubes was greater Price (1951) and Klieger (1958)separately investigated that
than that of 150 mm cubes. Later a relationship was developed  concrete cast at 4°C had 28-day compressive strength 22%
between 7 days,14 days and 28 days strength. lower than concrete cast at 21°C.

At extremely low temperature the strength of concrete is
again affected, as the water which was added for hydration of
cement isfrozen. At low temperature the water gets converted

| INTRODUCTION into ice Iensa;.wh!ch in turn apply some pressure msde the
concrete resulting in the formation of cracks. Later melting of

Concrete is widely used because of its theseice lenses results in the formation of pores inside the
compressive strength. The compressive strength of ~ concrete which further reduces its strength. So in order to

: : ; avoid the negative impact of very high temperature or
concrete gives an overview about the quality of extremely low temperature concrete should be cast a an

concrete asit is related to the structure of hydrated  yient temperature.

cement paste (Neville, 1997).This strength can be achieved
by concrete only when hydration reaction takes place. For this [I. EXPERIMENTAL PROGRAM
hydration reaction temperature acts as a catalyst. So higher
the temperature faster isthe hydration reaction and vice versa.

The temperature of concrete effects its different properties
and this topic has remained a subject of research for many
researchers. The hydration of Portland cement gets affected
by many variables eg., specific surface area, fineness,
chemical composition of cement, grade, temperature and
relative humidity of mixing and curing conditions (Garciaand
Sharp, 1998). Different researchers worked in different ways
and investigated the effect of temperature on the properties of
concrete. From the literature it is clear that the variation in
temperature has positive as well as negative impact on the
properties of concrete.

Index Terms: Age of concrete, cold weather, maturity of
concrete, strength, temperature.

In this experimental investigation nine casting were done at
different temperatures with an interval of almost one week. In
each casting four different types of mouldsviz 100 mm cubes,
150mm cubes, 150mm X 300 mm cylinders and 100 mm X
100mm X 500mm prisms were used. For al the casting the
mix proportion of various ingredients was kept constant..
Slump tests and compaction factor tests were performed to
examine the effect of casting temperature on the properties of
fresh concrete. The various concrete samples were cured in
the curing tank. Compressive strength tests, split tensile
strength test and flexural strength tests were performed at
different ages on hardened concreteto investigate the effect of
temperature on therate of gain of strength of concrete. Further
a comparison was made between the compressive strength of
Revised Manuscript Received on October 30, 2019. 150 mm cubes and 100 mm cubes and a relationship was
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Effect of Temperature on the Rate of Gain of Strength of Concrete

A. Material

The materias used in the study were OPC 43 Grade (JK
cement),loca river sand, confirming IS grading zone I,
Crushed stone in sizes of 10 mm and 20 mm, and tap water.
Various test results of cement are givenin Table 1.

Table 1: Test results of Ordinary Portland Cement

S.No Test Average Value Recommended
value

1. Fineness test 2.3% <10%

2. Standard 285% 27% - 33%
consistency Test

3. Initial settingtime | 1 hour 53 minutes >30minutes

4. Final setting time 5 hours 9 minutes <10 hours

5. Soundness test 1.67 mm <10mm

6. 7 days 32.38 N/mn?? >30.1 N/mm?
compressive
strength test

7. 28 days 45.47 N/mn? >43 N/mm?
compressive
strength test

B. Mixture Proportioning
Nomina mix M20 grade of concrete was used .The
concrete mixes were prepared by hand mixing on a non —
absorbing platform.
C. Tests Conducted:

In each casting Compaction factor test and slump test were
conducted to measure the workability of fresh concrete. In
each casting the concrete was casted in different moulds.
After 24 hours the concrete samples were removed from the
moulds and were kept in curing tank till the date of testing.
The concrete samples were taken out of the curing tank at the
ageof 7, 14 and 28 days and various tests were conducted on
hardened concrete to determine various mechanical
properties of concrete. On the other hand the temperature was
recorded on daily basis during the entire period.

I11. RESULTSAND DISCUSSIONS

The results of workability in terms of slump and
compaction factor are shown in Table 2 whereas the results of
various Strength tests are shown in the form of compressive
strength, Flexural Strength and split tensile strengthin Table 3
and Table 4.

Table 2: Slump and compaction factor values of concrete cast
at different temperatures

S Min Temperature | Slump Compaction

Z | duringfirst 24 hoursof | (mm) Factor

£ | casting(®C)

i

()
1. 14 26 0.89
2. -1.2 275 0.95
3. 2 25 0.80
4. -25 25 0.86
5. 0.8 251 0.86
6. 1.6 25 0.86
7. 5 255 0.86
8. 45 26 0.89
9. 11 25 0.80

Table 3: Results of Compressive Strength of 150mm cubes &
100 mm cubes
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S Compressive ?trength

m (N/mm®)

& | 150 mm cubes 100 mm cubes

| ES [Tdws [ t4dms |28 7days | 14 28

S| 2E days days days
o | ¢8
£ % °
§|28%

g3

— <

£

=
1. 14 14.80 | 21.28 24.31 14.4 21.5 25.8
2. -1.2 13.27 18.44 20.84 13.1 19.3 22.0
3. 2 15.64 | 22.66 24.66 17.9 24.5 26.9
4. -2.5 13.00 18.18 20.14 12.0 14.6 21.8
5. 0.8 13.97 | 19.64 23.51 14.1 21.0 24.0
6. 1.6 1555 | 21.51 24.57 16.7 235 25.7
7. 5 17.77 | 23.16 25.15 19.5 25.4 26.7
8. 4.5 16.35 | 23.26 25.06 18.8 24.7 26.5
9. 11 18.33 | 24.00 25.77 19.7 26.4 27.1

Table 4: Results of Flexural Strength and Split Tensile

Strength
Strength

B (N/mm2)

2o

52 Flexura Strength Split Tensile Strength
S ° g 7days | 14days | 28days | 7days | 14days | 28 days
2 8¢
% 20
O g 3

F3

c N

<
1]14 2.94 3.14 5.98 151 1.80 2.20
2| -12 1.16 2.20 3.92 1.02 1.48 1.81
3|12 451 4.60 6.96 1.68 2.08 2.86
41 -25 0.90 2.02 3.75 1.04 1.16 1.46
5108 1.96 2.45 4.90 1.47 1.77 2.04
6|16 3.45 3.675 6.47 1.65 1.97 2.25
715 5.68 6.37 7.35 1.99 247 3.36
8| 45 5.30 6.28 7.15 1.70 2.23 3.22
9|11 5.50 6.57 7.85 2.76 3.28 3.52
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In order to study the effect of temperature on the properties
of fresh and hardened concrete, a comparative study of the
results achieved at different minimum temperature( during
first 24hours of casting) was performed and various graphs
were plotted.

ol

Slump (mm)
3
o

T

4 -3 -2-10 1 2 3 4 5 6 7 8 9 1011 12 13
Temperature (°C)

Graph 1. Slump v/s minimum temperature during first 24
hours after casting
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Graph 2. Compaction Factor v/s minimum temperature
during first 24 hours after casting

From the above graphsit is clear that there is fluctuation in
the workability of concrete. The effect of temperature on the
workability of concrete is clearly indicated by the changesin
slump .From Graph 1 it is clear that as the temperature has
increased from - 2.5 °C to 1.4 °C there is Imm increase in the
slump of concrete, This can be due to the availability of more
free water due to the increase in temperature from negative to
positive. Further, asthe temperature increased from 5°C to 11
°C there is 0.5 mm decrease in slump of concrete, this can be
due to the increase in the rate of hydration which in turn has
resulted in an increase in the water demand thus decreasing
the dump of concrete. From Graph 2 it is clear that the
compaction factor is also showing same fluctuation with
respect to change in temperature.
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Graph 4 Flexural Strength v/s age of concrete
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Graph5 Split Tensile Strength v/s age of concrete

Compressive strength  of hardened concrete  was
determined by testing 150 mm and 100 mm cube specimens
under CTM, while as flexural strength and split tensile
strength were determined by testing beam specimen &
cylindrical specimen respectively. All the strength parameters
were determined at the age of 7, 14 and 28 daysfor al thenine
castings. From the above graphs (Graph 3,4&5) it is clear that
al the strengths viz compressive strength, flexural strength &
split tensile strength increases with the increase in the
temperature(during first 24 hours) of concrete.

Graph 3to 5 showsthe effect of temperature on the strength
development with reference to the age of concrete. The lower
curve represents concrete cast at -2.5 °C while as the upper
most curve represents the concrete cast at 11 °C.
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Graph 6 Compressive Strength (150 mm cubes) v/s minimum
temperatureduring first 24 hours after casting
From Graph 6 it is clear that compressive strength at all the
ages is affected by the variation in the casting temperature.
The strength increases with the increase in the temperature of
concrete during first 24 hours of casting.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation



Effect of Temperature on the Rate of Gain of Strength of Concrete

Emm7Days |
100 (I 14 Days

go_-ZBDays’.

80

704

60 -

40 +

304

204

10

0 T

T T
3 -2 -1 0 1 2 3 4 5

Compressive Strength (%)
3
!

T
6
Temperature (°C)

Graph 7 Percentage of Compressive Strength attained v/s
minimum temperature during first 24 hours after casting

From the graph of compressive strength (Graph 7) it is
clear that when the casting temperature of concrete is 5 °C
70% of the maximum strength (at 28 days) is attained at an
ageof 7 days. But when the casting temperatureis-2.5°C ( sub
zero) only 51% of the maximum strength is attained at the age
of 7days while as for the casting temperature of 11 °C about
72% of the maximum strength is attained at the age of 7 days.
From the above it can be inferred that when the casting
temperatureissub zero theinitial gain of strengthislow asthe
rate of hydration of cement is low. At sub zero temperature
the water added to the concrete can freeze and |ess water will
be available for the hydration of cement. Also low
temperature retards the setting time and strength gain of
concrete.

Further the 28 days strength attained by the concrete cast at
the temperature of -2.5 °C is 20% less than the strength
attained by the concrete cast at the temperature of 5°° while as
28 days strength of the concrete cast at temperature of 11 °Cis
2 % greater than the strength of the concrete cast at a
temperature of 5 °C.

For al the sampleswhich were cast at sub zero temperature
the 28 days strength was 20% | ess than the strength of samples
which were cast above zero degree Celsius. Although there
was an increase in the curing temperature of casting no 2 and
4(having casting temperature of -1.2 and -2.5°C) at later
stages( after 24 hours) but their 28 days strength never
increased to the levels achieved by the concrete cast above
zero degree Celsius. Below zero degree Celsius the water
added for hydration could have frozen and would have
resulted in the formation of ice lenses inside the plastic
concrete. At later stage the frozen water could have
evaporated leaving empty pores inside the hardened concrete
thus reducing the strength & density of concrete.
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Graph 8 Flexural Strength v/s minimum temperature during
first 24 hours after casting
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Graph 9 Split Tensile Strength v/s minimum temperature
during first 24 hours after casting
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Graph 10 Percentage of Flexural Strength attained v/s

minimum temper ature during first 24 hours after casting
Similar type of behavior can be seen in flexura strength
and split tensile strength. From Graph 8 & Graph 9 itisclear
that both flexural strength and split tensile strength are
affected by the variation in the casting temperature. Both the
strengths increase with the increase in the temperature. The
effect of temperature variation on both the strength
parameters is more prominent than that on the compressive
strength parameter as is clearly shown by the steepness of

graph.
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From the graph of flexural strength (Graph 10) it is clear
that when the casting temperature of concreteis 5 °C 77% of
the maximum flexural strength (at 28 days) is attained at an
age of 7 days. But when the casting temperature is-2.5°C (sub
zero) only 12% of the maximum strength is attained at the age
of 7days while as for the casting temperature of 11 °C about
74% of the maximum strength is attained at the age of 7 days.
Further the 28 days Flexural strength attained by the concrete
cast at the temperature of -2.5 °C is 49% less than the strength
attained by the concrete cast at the temperature of 5°C while
as 28 days strength of the concrete cast at temperature of 11
°C is 6 % greater than the strength of the concrete cast at a
temperature of 5 °C.
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Split Tensile Strength (%)

T T
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32 -1 0 1 2 3 4 5 6 7 8 9 101

Temperature (°C)

Graph 11 Percentage of Split Tensile Strength attained v/s
minimum temperature during first 24 hours after casting

From the graph of split tensile strength (Graph 11)it is
clear that when the casting temperature of concrete is 5 °C
60% of the maximum split tensile strength (at 28 days) is
attained at an age of 7 days . But when the casting temperature
is -2.5°C ( sub zero) only 30% of the maximum strength is
attained at the age of 7days while as for the casting
temperature of 11 °C about 82% of the maximum strength is
attained at the age of 7 days. Further the 28 days split tensile
strength attained by the concrete cast at the temperature of
-2.5 °C is 57% less than the strength attained by the concrete
cast at the temperature of 5°C while as 28 days strength of the
concrete cast at temperature of 11 °C is 5 % greater than the
strength of the concrete cast at a temperature of 5 °C.

It means the effect on flexural strength and split tensile
strength is more significant than that on the compressive
strength of concrete. By studying all the above graphs, a
remarkable adverse effect on the strength is observed when
the temperature during first 24 hours dips below 0°C. A
minimum temperature of not below 5°C (during first 24
hours) has a positive effect. There is a considerable increase
in strength and rate of gain of strength is enhanced
significantly by maintaining temperature above 5 °C. As the
compressive strength of hardened concrete was determined by
testing two different sizes of cubesviz 150 mm and 100 mm a
comparison has been made between the two in Graph 12, 13
& 14. Graph 12, 13& 14 show the variation of 7, 14 & 28
days compressive strength of 150 mm cubes & 100 mm cubes
respectively. From all these graphsit is clear that the strength
of 100 mm cubes is greater than that of 150 mm cubes at all
the ages of curing. Thereisamost 6% greater strength in 100
mm cubes than 150 mm cubes. So for calculation of
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characteristic strength of concrete using 100 mm cubes, the
values of compressive strength should be reduced by about
6%.

204 —m 150 mm Cubes | !
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Temperature (°C)

Graph 12 Comparison of 7 Days compressive Strength of
150 mm cubes & 100 mm Cubes

274 "a" 150 mm Cubes

26 —— 100 mm Cubes : -
25
244 -
23 o m

22
21 .
20
19
184 -
17
16
15
14

Compressive Strength (N/mm?)

T T T T T T

Temperature (°C)

Graph 13 Comparison of 14 Days compressive Strength of
150 mm cubes & 100 mm Cubes
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Graph 14 Comparison of 28 Days compressive Strength of
150 mm cubes & 100 mm Cubes
The increase in the compressive strength of concrete using
100 mm cubes is because of the smaller size of the specimen.
As concrete is a heterogeneous mixture containing weaker as
well as stronger elements, so smaller the size of the specimen
lesser are the chances of presence of weaker elementsin the
specimen. So in case of 100 mm cubes there is lesser
percentage of weaker elements than in case of 150 mm cubes.
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IV. CONCLUSION

After analyzing the test results the following important
conclusions were drawn

The three strength parameters viz: the compressive
strength, the split tensile strength and the flexural strength of
concrete are adversely affected under the conditions when
temperatures ( during first 24 hours) dip to around 0°C and
especially when temperatures reach below 0°C. The effect on
flexural strength and split tensile strength is more significant
than that on the compressive strength. It is observed that
under conditions of temperature above 0°C( during first 24
hours), there is healthy growth of strength.

The variation in values of compressive strengths of
concrete when testing is done on two different sizes of cubes
(100 mm and 150 mm ) ranges between 5 to 6 % the strength
obtained on smaller size cubes being higher.

The relation between 7 days, 14 days and 28 days strength
isasfollows:

The 7 daysand 14 days compressive strength is of the order
of 64.4 % and 89.4% of 28 days strength respectively.

The 7 days and 14 days flexural strength is of the order of
53.4 % and 66% of 28 days strength respectively

The 7 days and 14 days split tensile strength is of the order
of 65.5 % and 80.5% of 28 days strength respectively

REFERENCES

1. Neville, A. M. (1997) ‘Properties of Concrete’.4th Edition, John
Wiley & Sons|Inc.,

2. GarciaEJl, Sharp JH (1998). ‘Effects of Temperature on Hydration of
Main Clinkers Phases in Portland Cements: Part I, Neat Cements’,
Cem. Concr. Res. 28(9): 245-258.

3. Verbeck, GJ,, and Helmuth R.A. (1968) ‘Sructures and physical
properties of cement paste’.ProC. 5" Int. Symp. On the Chemistry of
Cement, Tokyo, 3: 1-32.

4. W.H. Price, (1951) ‘Factorsinfluencing concrete strength’,  Journa
of ACI,.47 (5) :417-432. .

5. P Klieger, (1958.) ‘Effect of mixing and curing temperature on
concrete strength’, Journal of ACI, 54 (12):1063-1081.

6. Gardner NJ, Sau PL, Cheung MS (1988). ‘Strength Development and
Durability of Concretes Cast and Cured at 0°C’, ACI Mater. J., 85
(6):529-536.

7. Ho DWS, Cui QY, Ritchie DJ (1989). ‘Influence of Humidity and
Curing Time on the Quality of Concrete’, Cem. Concr. Res., 19(3):

457-464
Retrieval Number F9041088619/20190BEIESP Published By:
DOI: 10.35940/ijeat.F9041.088619 Blue Eyes Intelligence Engineering

Journal Website: www.ijeat.org 3911 & Sciences Publication Exploring innovation



