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Abstract:
Quality of concrete is calculated in terms of its 28days compressive strength. This period is too long for either control of concrete
construction or applying timely corrective measures particularly in today’s fast construction practices. Curing of concrete and its
gain of strength can be expedited by raising the temperature of curing, thereby speeding up of the hydration reaction. Two
methods of accelerated curing — warm water method and boiling water method have been covered by IS 9013. The objective of
this study is to compare 28 days compressive strength of concrete with accelerated curing methods developed by 1S 9013: 2004.
One more method of curing in which temperature was increased gradually was also attempted. In order to achieve these, total 48
samples of two different mix proportions were cast and cured by normal water curing for 28 days, and by accelerated curing

methods. The reliability of these accelerated curing methods was checked.
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1. INTRODUCTION

The compressive strength of cement concrete obtained after
28 days of moist curing is considered for quality of concrete
in construction works. To get this strength for good quality
control one has to wait for 28days. In order to get high early
strength and also to reduce time for economical quality
control, accelerated curing is used. In this method of curing
the temperature of water is increased, which results in
increase in concrete temperature and rate of development of
strength accelerates which will be more comparing to
normal moist curing.

There are different ways of accelerated curing, like warm
water curing, boiled water curing, autoclave curing,
microwave curing, electric curing etc. Generally, the
accelerated curing is used for precast products and for high
early strengths. To complete the project within the time and
to develop economic concrete, the high early compressive
strength of concrete can be determined in a laboratory by
accelerated curing. It also predicts the 28 days compressive
strength within 28 hours.

IS 9013 evolved a standard method of determining
compressive strength of test specimens by accelerated
curing. The method laid down in this standard can be used
for quality control purposes, or for the prediction of normal
strength of concrete at later ages, by the use of an
appropriate correlation-curve obtained by testing normally
cured and accelerated cured concrete specimens of the mix
proportion and materials to be used at the site.

Jayadevan et al ' conducted studies for reliability of
accelerated curing proposed by IS 9013:1978, which has
given discouraging results about the prediction of 28 days
compressive strength, and suggested to revise the code.
Neelakantan et al ® predicted 28 days strength of concrete
from accelerated curing parameters, and proved that
conduction curing is better than microwave curing. Shelke et
al ® compared a concrete compressive strength by normal
moist curing and accelerated curing, and obtained desired
strength as per IS 9013:1978.

2. RESEARCH SIGNIFICANCE:

In order to compare this accelerated curing strength with
normal moist curing strength, an experimental work has
been carried out in laboratory, in which total 24 cubes and
24 cylinders of two different mix proportions were cast and
cured by normal water curing for 28 days, and by Warm
water method and Boiling water method. Generally in
boiling water method to heat the water up to the temperature
100° C, approximately period of five hours is required.
Hence new method has been suggested in which the
specimens were kept in the accelerated curing tank initially
and were subjected to rising temperature. The compression
test was carried out and test results were recorded.

3. ACCELERATED CURING METHODS:
3.1 Boiling Water method (IS 9013:1978;
reaffirmed in 2004):

In this method after the specimens have been made, they

Volume: 04 Special Issue: 13 | ICISE-2015 | Dec-2015, Available @ http://www.ijret.org 219



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

shall be stored in a place free from vibration, in moist air of
at least 90% relative humidity and at a temperature of 27
+2°C for 23 hours +15 minutes from the time of addition of
water to the ingredients. The specimens shall then be gently
lowered into the curing tank and shall remain totally
immersed for a period of three and half hours + 5 minutes.
The temperature of the water in the curing tank shall be at
boiling at sea level i.e. 100°C. The temperature of water
shall not drop more than 3°C after the specimens are placed
and shall return to boiling within15 minutes.

After curing in the tank for a specified period, the specimen
shall be removed from the boiling water, removed from the
moulds and cooled by immersing in cooling tank at 27 £
2°C for 2 hours. The strength is calculated by formula
R28:8.09+l.64Ra

3.2 Warm Water Method (IS 9013:1978;
Reaffirmed In 2004):

After the specimens have been made, they shall be kept in
their moulds in a place free from vibration at a temperature
of 27 + 2°C for at least one hour, before immersing in the
curing tank. The time between the addition of water to the
ingredient and immersion or the test specimens in the curing
tank shall be at least one and half hours but shall not exceed
three and half hours. The specimens in their moulds shall be
gently lowered into the curing tank and shall remain totally
immersed at 55 + 2°C for period of not less than 19 hours
50 minutes. The specimens shall then be removed from the
water, marked for identification, removed from the mould
and immersed in the cooling tank at 27 + 2°C before the
completion of 20 hours 10 minutes from the start of
immersion in the curing tank. They shall remain in the
cooling tank for period of not less than one hour. The
strength is calculated by formula Rys=12.65+R.,.

3.3 Rising Temperature Curing Method:

In boiling water method to heat the water to the temperature
100° C, generally five hours period is required. Hence in this
new method the specimens were kept in the accelerated
curing tank initially and were subjected to rising
temperature. In this method after the specimens have been
made, they shall be stored in a place free from vibration, in
moist air of at least 90% relative humidity and at a
temperature of 27 +2°C for 23 hours +15 minutes from the
time of addition of water to the ingredients. The specimens
shall then be gently lowered into the curing tank when water
is at room temperature. Then the temperature of the water is
gradually increased to 100°C within next five hours and kept
constant for next 1.5 hours. The temperature of water shall
not drop more than 3°C after the specimens are placed and
shall return to boiling within15 minutes.

After curing in the tank for a specified period, the specimens
were removed from the boiling water, removed from the
moulds and cooled by immersing in cooling tank at 27 +
2°C for 2 hours. Since considerable experimental data was
not available to develop new regression equation, the

strength is calculated by formula R,g=8.09+1.64R, given for
boiling water method of curing.

4. MATERIALS AND EXPERIMENTAL WORK:

The materials required for the experimental work were
tested in the laboratory to get necessary data for mix design.

Cement:

Ordinary Portland cement (PPC) of 43 grade (Conforming
to IS 8112-1989, reprint 1997) was used. The test results of
the cement are given in Table 1.

Fine aggregate:

Type: Natural River Sand

Fineness Modulus = 3.5 (Sand conforms to grading
zone 1)

Specific gravity: S, = 2.69

Free surface moisture: Nil

Coarse aggregate:

Type: Crushed Basalt
Maximum size = 20mm

Specific gravity: S, = 2.79

Free surface moisture: Nil

Concrete mix design:
Concrete Mix design is carried out for concrete grades M20
and M25. Following design stipulations are used:

o  Degree of workability : Medium

e Degree of quality control : Good

e  Batching: Weigh
batching.

e  Type of exposure : Moderate.

e  Max. size of aggregate : 20 mm

Following mix proportions (Table 2) are finalized after
taking some trials of each mix of respective concrete grade.
Concrete cubes were cast in 150 x 150 x 150 mm cube
moulds and cylinders of 150 mm diameter and 300 mm in
length were used. Total 24 cube specimens and 24 cylinder
specimens of each proportion were cast and properly
vibrated for consolidation. In first phase, 12 specimens (6
cubes and 6 cylinders) were cured by normal curing method
for 28 days. In second phase 12 specimens (6 cubes and 6
cylinders) were cured by boiling water method, and in third
phase, 12 specimens (6 cubes and 6 cylinders) were cured
by warm water method. In last phase of experimental work
12 specimens (6 cubes and 6 cylinders) were cured by rising
temperature curing method. The compression test was
carried out in compression testing machine.

5. RESULTS AND DISCUSSION:

The results for 28 days compressive strength by normal
curing method, boiling water method, warm water method
and rising temperature curing method for two different
design mixes have been summarized in Table 3 for cubes,
and in Table 4 for cylinders. The tables demonstrate that the
targeted strength for both mixes by warm water method
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gives quite comparable results (4-7%), while boiling water
method gives quiet poor results (14-23%), whereas the
strength obtained by rising temperature curing method gives
encouraging results (3-5% for most of specimens)

As in boiling water method concrete is subjected to curing
after 23 hours, so the delay period (the time before
immersion of specimen into a tank) is very much large
which causes the decrease in rate of gain of strength, also in
this method concrete is suddenly subjected to high initial
temperature which drops the strength development of
concrete, whereas in warm water method the delay period is
about 2 to 3 hours and the concrete is subjected to moderate
temperature (55°C) for a period of about 20 hours which
accelerates the rate of gain of strength. As in rising
temperature curing method delay period has been taken
about 23 hours and then specimen is kept for curing in
water, where temperature is gradually increased from room
temperature to 100°C (requires near about 5 hours) and
further kept for 1.5 hours, causes gain in strength gradually
and reaches to targeted strength.

6. CONCLUSIONS:

As accelerated curing methods are essential to obtain early
strength, this study has been done to check the reliability of
current accelerated curing methods which concludes that

[1]. The strength obtained by boiling water method is not
up to the mark.

[2]. Warm water method gives quite comparable results
and is acceptable for obtaining early strength.

[3]. The newly suggested rising temperature curing method
has given encouraging results but it needs much
extensive studies and ample data to develop new
correlation equation.
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Table 1 Properties of cement

Average Recommended
Property value standards as per I.S.
. . 3.15
Specific gravity (standard) 3.15
Fineness (%) 5 <10%
Consistency (%) 28 -
Soundness (mm) 2 <10
Inlyal setting time 110 >30
(min)
Final  setting time 330 >600
(min)
3
) days 235
Compressive 7
strength davs 34.2
(N/mm?) Y
28 44.8
days
Table 2 Mix proportions
Course | Course
Concrete Cem | Wat ;me Aggreg | Aggreg
Grade ent er ggreg | ate ate
ate (12mm | (20mm
) )
Proport | 1 0.48 | 243 15 2.29
ion
M Quantit | 320 154 | 778 480 733
ies per
20 13 Tof
concret
e (kg)
Proport | 1 048 | 2.25 141 2.15
ion
M Quantit | 345 166 | 776 486 742
ies per
5 of
concret
e (kg)
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Table 3 Test Results: Cubes

28 days compressive
strength by normal
curing in N/mm?

28 days strength by boiling

28 days strength by warm

28 days strength by
gradually rising

rg/l Ic))(rti water method in N/mm? water method in N/mm? temperature method in
P oﬁs N/mm?
Specim Av | Specim Av | Specim Av | Specim Av
ens Ros g. ens Ra | Ras g. ens Ra | Ras g. ens Ra | Ras g.
28. 85 | 22 14, | 26. 13. | 30.
N1 78 Bl 1 05 wi 09 74 R1 38 04
28. | 28. 96 | 23. | 23. 13. | 26. | 26. 12. | 29. | 29.
M20 N2 1 %se | 8a| B2 | 4 | g | 11| W2 | g3 |53 |8 | R2 | g 13|67
29. 9.3 | 23. 14, | 27. 13. | 29.
N3 10 B3 3 4 w3 75 4 R3 27 85
33. 10. | 25. 19. | 31. 16. | 34.
N1 71 Bl 41 17 wi 32 97 R1 20 67
33. | 33. 11. | 26. | 25. 19. | 32. | 32. 16. | 35. | 34.
M25 N2l oa |3 B Joo|13]e| ™2 |77 |2 20| ® |2|o0|es
33. 10. | 25. 19. | 32. 16. | 34.
NS | 43 BS 17 | 74 W3 | 58 | 23 R 137 | o4
Table 4 Test Results: Cylinders
28 days compressive
strength by normal 28 days strength by
. curing in N/mm? 28 days strength by_ 28 days strength by warm gradually rising
Mix boiling water method in . 2 .
. 2 water method in N/mm temperature method in
proporti N/mm N/mm?
ons mm
Specim Av | Specim Av | Specim Av | Specim Av
ens Ros g. ens Ra | Ras g. ens Ra | R g. ens Ra | R g.
23. 7.2 | 20. 12. | 24. 12. | 28.
N1 | 65 Bl 16 | 0o WL 1 24 | 89 RL Va1 | ot
24, | 24. 7.6 | 20. | 20. 12. | 25. | 25. 12. | 27. | 27.
M20 N2l os ot | B |46 |61 | W2 |71 |3 02| R |10 04|82
24, 7.9 | 21. 12. | 24. 11. | 27.
N3 33 B3 9 20 w3 13 78 R3 84 52
30. 9.6 | 23. 18. | 3L 13. | 30.
N1 o4 Bl 14| 90 WL 141 | o6 RL 192 | 03
29. | 29. 95| 23. | 23. 17. | 30. | 30. 13. | 30. | 31.
M25 N2 142 | ss| B 6|86 | W2 |s2 |47 |68| ™ |87 | 84|03
29. 9.2 | 23. 17. | 30. 14. | 31.
NS | 5 B3 10| 19 W3 | 8g | s3 R3 |16 | 2
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