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Abstract—There is a great challenge for civil engineering field to
contribute in environment prevention by finding out alternatives of
cement and natural aggregates. There is a problem of global warming
due to cement utilization in concrete, so it is necessary to give
sustainable solution to produce concrete containing waste. It is very
difficult to produce designated grade of concrete containing different
ingredient and water cement ratio including waste to achieve desired
fresh and harden properties of concrete as per requirement and
specifications. To achieve the desired grade of concrete, a number of
trials have to be taken, and then after evaluating the different
parameters at long time performance, the concrete can be finalized to
use for different purposes. This research work is carried out to solve
the problem of time, cost and serviceability in the field of
construction. In this research work, artificial neural network
introduced to fix proportion of concrete ingredient with 50% waste
replacement for M20, M25, M30, M35, M40, M45, M50, M55 and
M60 grades of concrete. By using the neural network, mix design of
high performance concrete was finalized, and the main basic
mechanical properties were predicted at 3 days, 7 days and 28 days.
The predicted strength was compared with the actual experimental
mix design and concrete cube strength after 3 days, 7 days and 28
days. This experimentally and neural network based mix design can
be used practically in field to give cost effective, time saving, feasible
and sustainable high performance concrete for different types of
structures.
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I. INTRODUCTION

ORLDWIDE concrete is the most demanded

construction material in the civil engineering field for a
century. It is responsible for high demand of cement, which is
polluting the environment due to CO, emission. Therefore,
alternative solution required to minimize cement use in
concrete production. The waste utilization concept in concrete
is widely used in broad manner. Therefore, several points
should be considered while the concrete production using
waste, like the proportion of water cement ratios, aggregates
and admixture-super plasticizer, cement, waste etc. as per the
concrete requirements for particular structure. It is a laborious
work to take a number of trials to achieve the desired grade

D. G. Badagha is the research scholar at Applied Mechanics in the Sardar
Vallabhbhai National Institute of Technology, Surat, Gujarat 395007 India
(corresponding author, phone: +91-9714160622; fax: +91-261-2227334; e-
mail: damyantibadagha@yahoo.in).

C. D. Modhera and S. A. Vasanwala are Professors at Applied Mechanics
in the Sardar Vallabhbhai National Institute of Technology, Surat, Gujarat
395007 India (e-mail: cdm@amd.svnit.ac.in, sav@amd.svnit.ac.in).

which is responsible for the long time duration and high cost.
To solve out such tedious task, artificial neural network
(ANN) can be used to do mix proportioning to predict
different fresh and harden properties of concrete with varying
waste materials. ANN is helpful to train data as per the target
concrete production. Different input and hidden layers are
fixed to achieve output as per decided parameter. ANN is
proposed to do mix-proportioning which reduces the trials of
concrete mix, cost for concrete trials, and labor cost also.

II. LITERATURE SURVEY FOR PROPOSED WORK

High performance concrete is introduced with tremendous
resistance against segregation and deformability in the year of
1986 in Japan [1]. HPC is highly complex in nature [2], [3].
For such complexity, the ANNs solve very complex problems
because of interconnected computing tool [3], apart from that
it is used in different types of civil engineering problems [4].
The strength of concrete is not influenced by the water-cement
ratio only, but it is also affected by the other ingredients of
concrete [5]. The ANN model was prepared for the prediction
of compressive strength, ultra sonic pulse velocity values [6],
[7] and thermal neutron transmission ratio [8] for different
types of concrete. Nowadays, ANN, ANFIS [9], and fuzzy-
logic are used in civil engineering field to solve numbers of
problems [10]. The ANN prediction is also introduced in the
area of the failure of masonry type anisotropic brittle materials
[11]. There is a free expansion strain of concrete, various cross
sectional areas, curing period can be investigated using ANN
[12]. Industry waste utilization was introduced in concrete
[13]-[15] and strength prediction for few industrial waste was
predicted using ANN [6], [7]. Mukherjee and Biswas [16]
prepared the model with two hidden layers feed-forward type
of ANN to understand the mechanical behavior of concrete at
high temperature.

This research work is carried out to fix the mix proportion
including various ingredients to produce concrete containing
waste and strength prediction of produced high performance
concrete using ANN. This study was introduced for
compressive strength prediction of concrete containing 50%
cement replacement with the steel industry waste. The number
of series was produced for concrete in ANN study.

III. EXPERIMENTAL PROGRAM

The experimental program has been carried out on concrete
cubes of edge 150 mm. About 300 cubes were cast in the
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laboratory with different mix designs with 50% cement
replacement by waste to maintain variation in strength. The
various cubes were cured in tap water at room temperature and
tested after 28 days. Each cube was tested first by rebound
hammer and finally the cube was tested under compression
testing machine to know the actual compressive strength. the
experimental results were obtained in as compressive strength,
split tensile strength and rebound number.

IV. ANALYTIC STUDY USING ANN

Basic elements operated in parallel which are inspired by
biological nervous system are composed by ANN. As in
nature, the connections of elements determine network
function. An ANN can be trained for a particular function by
approaching the variations in values of the connections
between elements. Commonly for a specific output for
particular input, neural networks are adjusted or trained [17].
ANN which consists of an input layer, an output layer, and
one or more hidden layers connected by neurons, is a
parallelly distributed processing system. Weighted inputs are
received by neuron from other neurons and provide its outputs
to other neurons through a function. Minimizing the error
between predicted and observed outputs is the main goal of
training the model [18].

The relation between input and output has been established
by hidden layer neurons. The factors which affect the output
of ANN model are the input elements (like cement + slag,
sand, coarse aggregate, admixture, water, age, etc.). The ANN
model output can be computed by one or more output layers.
The computational propagation takes place in a feed forward
manner from input layer to output layer to compare the targets
with the obtained results, and if the error is large then it
propagates back to the network for the adjustment of input
elements for minimizing the error. Fig. 2 Shows the algorithm
of ANN.

In the present study, the ANN toolbox of the program
MATLAB was used to perform the analysis. A back-
propagation training algorithm was utilized in a two-layer
feed-forward network trained using the Levenberg -
Marquardt algorithm. Total 300 data were used, and training,
validation, and testing phases employed 70%, 15%, and 15%
of randomly selected datasets respectively. Compressive
strength was predicted by ANN using different network
models for each type of mix designs. A schematic diagram of
ANN model has been shown in Fig. 1. The predicted results
were compared with the actual compressive strength after
many networks with different several hidden neurons training
[18]. A good relationship between actual compressive strength
and predicted results has been obtained. A relation between
rebound hammer test results and predicted measures of ANN
also has been plotted.
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Fig. 1 Algorithm for ANN development

V.RESULT AND DISCUSSION

The analysis of data obtained from experimental study has
been analyzed using ANN. With the consideration of output
data, various models have been developed for each mix design
as input for the ANN model, and the actual value of
compressive strength and split tensile strength obtained from
testing of concrete specimens were given as target. The
prediction of rebound hammer, compressive strength, and split
tensile strength test results has been made using ANN model.
The comparison has been made between the predicted strength
given by the developed ANN model and the actual
compressive strength and is shown in Figs. 3-5.

The final equations from Figs. 3-5 have been developed to
predict the strength for individual techniques. It has been
observed from Figs, 3-5 that the values of coefficient of
determination for curve are 0.954, 0.906, and 0.745 which
shows a good correlation between the predicted strength as
well as between actual strength of concrete cubes. Hence, the
use of analysis by ANN is found very useful in predicting the
strength for single methods. Table I indicates the comparison
of designed, predicted and actual strengths of high
performance concrete. Table II indicates the equation for the
actual strength in relation with the predicted strengths.
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Fig. 3 Relation between predicted strength by ANN and actual M55 55 56.87 59.96
compressive strength M60 60 60.24 64.87
8 TABLE II
% y =1,1318x%° RELATION OF ACTUAL STRENGTHS WITH ANN
< R YaWaVaVal .
h g .
vz 1 Compressive Strength 1.472 PS*3 0.954
s 2 Split Tensile Strength 1.131 Ps*° 0.906
L w
g > 2 3 Rebound Hammer Number 3.021 PR 0.748
g Pc, Ps and Py stands for Predicted value of Compressive Strength, Split
© 0 T T T 1 Tensile Strength and Rebound Hammer Number respectively.

2 . 4 6
Compressive strength by ANN

Fig. 4 Relation between predicted strength by ANN and actual split
tensile strength
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Fig. 5 Relation between predicted Rebound Hammer Number by
ANN and Rebound Hammer Number

The present research shows that ANN can predict the
strength very close to the actual strength of material. The
accuracy of the prediction depends upon the training of
networks and further a number of mix designs are used. It has

VI. CONCLUSION

been concluded that

e In case of rebound Hammer, the predicted rebound
number was found suitable to the actual rebound number
which makes decision making quite simple.

e ANN network has achieved acceptable level of accuracy
for the prediction of compression and split tensile strength

of concrete.

e It has been observed that the predicted strength of
concrete is less than the designed strength in case of mix
design for M25 only, which proves to be useful for all
other designs.
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