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Abstract
It is very much necessary to know the performance of the concrete mix before their actual use on site. The fact that all the
required readings of concrete are only obtained after 28 days of curing which becomes a constraint when various grades of
concrete are to be used in the same work. Accelerated curing of concrete is a good solution in such cases. 1S 9013-1978 gives
detailed description as well as guidelines to be adopted during the process of accelerated curing along with an equation to predict
the 28 days strength of the concrete. An equation which predicts the achievable strength of concrete under normal curing by using
the accelerated curing strength as the dependent parameter is available in the IS code. In this paper we have analyzed the
reliability of the equation when additives such as fly ash are used in the mix. At the end it was found that the predicted values
largely varied from the actual values obtained from the IS code. In this paper an effort is made to form a new equation by using 3
independent variables such as the fly ash content, water-cement ratio and the accelerated curing strength to obtain fairly reliable

results.
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1. INTRODUCTION

It is established that a statistically significant correlation
exists between 28 day strength and accelerated curing
strength of concrete (IS 9013-1978). Tests conducted on
various grades of concrete show that the correlation is not
affected by the use of different type of aggregates or
different brands of cement (IS 9013-1978). Various
reliability studies have been conducted on the existing
correlation. In their respective studies [6] N. L. Shelke et.al
(2013) and [7] V. Jayadevan et.al (2014) has pointed out the
variance in actual results from that of the predicted results
suggesting that further developments are needed in the
subject. The work in this paper has been conducted on the
pretext that further developments are needed in the
concerned subject. Various studies have pointed out the fact
that fly ash which is otherwise a waste material generated
from thermal power plants can be used along with cement
while preparing concrete. The cementations properties of fly
ash and also the reduction it brings about in the amount and
cost of cement has very much lead to increased usage of fly
ash in the recent years. Prevailing to the present industry
conditions about 30% to 35% replacement of cement by fly
ash has been allowed.(In this study the percentage of fly ash
has been kept between 20% to 30%). Because of its
increased usage the involvement of fly ash has been studied
while analysing the reliability of the equation present in the
IS code and it has been observed that the predicted values
and actual values varied to a large extent. It thus becomes
necessary to redevelop the equation. The viable and the
most appropriate solution in this case are clearly the
introduction of additional independents such as fly ash
content and water cement ratio along with accelerated
curing compressive strength of concrete. Two methods of

accelerated curing namely warm water method and boiling
water method are mentioned in IS 9013-1978. The work in
this paper has been done using boiling water method of
accelerated curing owing to quicker results and reduced
boiling time as compared to that of warm water method.

1.1 Accelerated Curing

Accelerated curing is any method by which high early age
strength is achieved in concrete. These techniques are
especially useful in the prefabrication industry, wherein high
early age strength enables the removal of the formwork
within 24 hours, thereby reducing the cycle time, resulting
in cost-saving benefits. The most commonly adopted curing
techniques are steam curing at atmospheric pressure, warm
water curing, boiling water curing and autoclaving.

Figure 1: Accelerated Curing Tank

A typical curing cycle involves a preheating stage, known as
the "delay period" ranging from 2 to 5 hours; heating at the
rate of 22 °C/hour or 44 °C/hour until a maximum
temperature of 50-82 °C has been achieved; then
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maintaining at the maximum temperature, and finally the
cooling period. The whole cycle should preferably not
exceed 18 hours.

It is used to get early high compressive strength in concrete.
This method is also used to find out 28 days compressive
strength of concrete in 24 hours. (As per IS 9013-1978-
Method of making, curing and determining compressive
strength of accelerated cured concrete test specimens).

The following two methods of accelerated curing are
generally used-

A) Warm-water method
B) Boiling-water method.

1.1.1 Accelerated Curing by Warm Water Method

1) After the specimens are made, they shall be left to stand
undisturbed in their moulds in a place free from vibration at
a temperature of 27(+/-) 2°C for at least one hour, prior to
immersion in the curing tank. The time between the addition
of water to the ingredients and immersion of the test
specimens in the during tank shall be at least 14 hours but
shall not exceed 34 hours.

2) The specimens in their moulds shall be gently lowered
into the curing tank and shall remain totally immersed at 55
(+/-) 2°C for a period of not less than 19 hours 50 minutes.
The specimens shall then be removed from the water,
marked for identification, removed from the moulder 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 a period of not less than one hour.

1.1.2 Accelerated Curing by Boiling Water Method

1) After the specimens have been made, they shall be stored
in a place free from vibration, in moist air of at least 90
percent relative humidity and at a temperature of 27 (+/-)
2°C for 23 hours (+/-) 15 minute from the time of addition
of water to the ingredients.

2) The specimens shall then be gently lowered into the
curing tank and shall remain totally immersed for a period
of 3.5 hours (+/-) 5 minutes. The temperature of the water in
the curing tank shall be at boiling (100°C) at sea level. The
temperature of water shall not drop more than 3°C after the
specimens are placed and shall return to boiling withinl15
minutes.

NOTE - In confined places the temperature of the water may
be kept just below the boiling point to avoid excessive
evaporation.

3) After curing for 3.5 hours (+/-) 5 minutes in-the curing
tank, the specimen shall be. Removed from the boiling
water, removed from moulds and cooled by immersing in
cooling tank at 27 (+/-) 2°C for 2 hours.

2. MATERIALS AND METHODS

In-order to obtain a reliable model as suggested earlier the
experimental procedures must be done using a variety in
grades of concrete. Keeping this in mind the grades of
concrete selected in this project are M30, M40, M50 and
M60. Also considering the fact that fly ash is nowadays used
as cementing material in combination with cement the
designs were prepared using fly ash along with cement, sand
and aggregates. All the designs were prepared adhering to
the guidelines mentioned in 1S-456:2000 and IS-
10262:20009.

For each grade of concrete two different designs were
prepared by varying the fly ash content. Two trials were
done for each design owing to the limitations in batching
and mixing capacity. The data finally selected as the input is
the average of the different independent variables
(Accelerated curing compressive strength, Fly ash content,
Water cement ratio) selected from each of these trials. The
gradation of aggregates was done sticking to the guidelines
mentioned in 1S-383:1970 and the testing of aggregates was
done adhering to the regulations in 1S-2386:1963. The
specific gravity of aggregates is considered to be uniform
for six month period when taken from the same quarry was
observed on the site while performing the test for the
specific gravity; since all the experimental procedures were
done within six months the specific gravity of the aggregates
in this case is considered to be fixed at a specific value.

All the cubes were casted in two trials per design. Six blocks
were casted in each trial of which three were placed for
normal curing and three were placed under accelerated
curing. The testing of cubes under accelerated curing was
done strictly following the guidelines mentioned in IS-
9013:1978.Also normal curing was done by completely
immersing the blocks in water free from any kind of
impurities or any other chemicals.

A simple linear equation is what was finally required. The
basis of formulation of the equation was simple linear
regression analysis.In statistics, regression analysisis a
statistical process for estimating the relationships among
dependent and independent variables.

After all the experimental works had been dealt with, from
the data obtained a simple linear equation of the following
form has been generated- Y=Ax;+Bx,+Cx3+D here;
Y- Predicted 28 day normal curing compressive strength of
concrete.

e X;=Accelerated curing strength of concrete.

e X,=Fly ash content.

e X,;=Water cement ratio.
The process of regression was done with the help of
software SPSS 20.

The coefficient of determination R? is an indicator of
goodness of fit of the model. It represents the percent of the
variance in the dependent variable explained by the
independent variables. It is a measure of relationship
between the predicted variable and the predictors in a
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model. A model with high value of coefficient of
determination is said to fit best to determine the dependent
variable. The model for which coefficient of determination
is close to 1 is said to fit best.

3. DISCUSSIONS & RESULTS

The Table no 1 depicts the specific gravity of different type
of aggregates used in the mix design and also the percentage
weight of water absorbed by the aggregates during mixing.

Table-1: Specific gravity of aggregates

e Water
No | Agorestes | oravity | Absorption (%)
ggreg y of Aggregates.
1 10.0mm 2.841 1.06
aggregates
2 20.0mm 2.863 111
aggregates
3 Crushed sand 2.659 411

The current equation present in IS 9013-1978 for predicting
the 28 day strength of concrete is as follows:

Y =8.09 + 1.64X;

Y= 28 day compressive strength of concrete.

X, = accelerated curing strength of concrete.

The following table represents the mix design along with fly
ash content and water cement ratio. Here the designs have
been designated as M30-1, M30-2 etc. which depict the
change in fly ash content in the design of respective grades.

Table 2: Mix Design

wic
ratio C FA CA Fly Ash
Notation | % (kg) | (kg) | (kg) (kg)

M30-1 49.17 360 693 1067 80

M30-2 44.29 350 658 1178 100

M40-1 37.65 420 664 1024 105

M40-2 37.65 400 664 1024 125

M50-1 33.74 450 679 1042 120

M50-2 32.75 440 677 1040 135

M60-1 34.36 450 711 1007 100

M60-2 32.19 460 675 1007 125

Table number 3 shows the compressive strengths obtained
from three different methods i.e. the IS code method, 28 day
conventional compressive testing method and compressive
strength obtained by the method of statistical modeling by
accelerated curing.

Table 3: Strengths obtained from various methods

IScode |28 Day normal| Predicted
Compressive | compressive Compressive

Notation strength strength Strength
M30-1 44,78 36.07 35.055
M30-2 45.26 36.15 35.97
M40-1 52.67 46.96 48.14
M40-2 55.71 44.81 47.63
M50-1 65.43 59.78 59.72
M50-2 63.12 59.70 56.79
M60-1 78.79 70.89 71.38
M60-2 77.94 70 69.96

On completion of regression the following equation is
obtained:

Y =1.225X, -48.169X,-73.773X; +54.627

Y= 28 day compressive strength of concrete.

Xy = accelerated curing strength of concrete.

X, = fly ash content.

X3 = water content.

The model is a good fit as R® (Co. efficient of
determination) value is .984 which is very close to 1.

The following graph is the representation of observations.
The blue line depicts the actual 28 day strength of concrete
obtained after the process of normal curing. The red line
depicts the values of strength predicted using the equation in
1S-9013:1978. The green line represents the value of
strength predicted using the model developed in this study.
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Graph 1: Graphical representation of strengths

It can be clearly seen from the graph that there is a
considerable amount of variation in the values predicted
using IS code equation from the actual strength. Whereas
the closeness between blue and green lines itself explain the
closeness between the actual strength and the strength
predicted using the model developed in this paper.
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4. CONCLUSION AND FUTURE SCOPE

It can be clearly concluded that the values predicted using
the developed model is very close to the actual values. An
average error percentage of approximately 2.6% is observed
against the average error percentage of 15.45% when the
values are predicted using 1S-code equation.

These values are obtained only when using boiling water
method for accelerated curing. Due to the inclusion of fly
ash in the design the predicted model also depends on fly
ash content selected in the mix. A clear conclusion may not
be able to be drawn when fly ash is not used in the mix.
Further studies and experiments may be hence required to
make the equation compatible on a wider scale.

The same model can be developed using different soft wares
or tools. As mentioned earlier SPSS 20 software by IBM
was used in this project for analysing the data. Preparation
of all the data and related calculations were done using
Microsoft excel 2010.

Future Scope

e The same analysis can be done by adopting warm water
method for accelerated curing.

e  Ground granulated blast furnace slag or (GGBS) is a
new admixture which is used along with cement due to
its cementing properties. The model can be checked for
the scenario where GGBS is used along with cement
instead of fly ash. The same analysis as done in this
case can be repeated for mixes which include GGBS.

e The behaviour of concrete placed under accelerated
curing can also be studied when admixtures are used.

e Incorporation of accelerated curing into mechanized
formwork can be studied as this is an upcoming
technology in the field of construction. This is likely to
facilitate speedy construction.
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