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Abstract:  In this paper the mix design of structural concrete with partial replacement of cement by flyash /blast furnace slag is established 
by utilizing the capability of artificial neural networks in solving complex, non linear problems. A network, trained using the experimental data, 
which is representative of the components domain, is shown to be successful in mixed design of structural concrete. A method of optimizing 
the structural concrete for a given compressive strength using artificial neural networks and non linear programming is descr ibed. The 
proposed methodology provides a guideline to select appropriate materials and mix proportions as starting trial batch of concrete and reduce 
the number of trail mixes required.  

 
1. INTRODUCTION 
 
Artificial Neural Networks (ANNs) have emerged as a 
computationally powerful tool in artificial intelligence with the 
potential of mapping an unknown non linear relationship between 
the given set of inputs and outputs. ANN‟s have been proved 
successful in solving many civil engineering problems. Their 
application can be widely seen in various domains such as design 
analysis and optimization. Concrete consists of hard inorganic 
materials called aggregates cemented together with cement and 
water. Making of structural concrete needs to incorporate the 
supplementary cementations materials such as fly ash, blast 
furnish slag and chemical admixtures such as plasticizer. The 
essence of structural concrete emphasizes the characteristics 
such as high strength, high workability with good consistency, 
dimensional stability, and durability. It is generally accepted that a 
concrete having a high workability with good consistency at the 
fresh state and a high strength at the hardened state can exhibit 
properties of high dimensional stability and high durability. The 
use of supplementary cementitious materials, mainly fly ash and 
blast furnace slag, has become increasingly common in normal 
strength concrete, partly for reasons of economy and partly 
because of technical benefits imparted by these materials. Fly ash 
is an economic by-product material from fossil fuel power plants. 
The use of fly ash in producing structural concrete can result in 
lowered water demand, reduced concrete temperature, and 
reduced cost. However, the early strength gain of the concrete 
may be decreased. Granulated blast furnace slag is one of the 
major by-products of steel-making plants. Blast furnace slag is 
now recognized as a desirable cementitious ingredient of 
concrete, and as a valuable cement replacement materials that 
imparts some specific qualities to the composite cement concrete 
superior to those of concrete made from ordinary portland cement 

 
 

 

alone.   Most concrete design methods are fully experimental or 
semi experimental and are reliable and accurate. However, they 
involve laboratory tests, and the effects of material prices are 
neglected. Simple and multiple non linear regression equations 
are used to derive the relationships among the variables involved. 
This program helps accelerate concrete mix proportioning and, 
hence, save time. Concrete can be made with about four to 10 
different components. The number of properties to be adjusted 
has also increased, so that empirical methods are no longer 
sufficient in concrete mix design. In complex engineering systems, 
empirical relationships are often employed to estimate 
engineering properties. Generaly, a complex domain is 
characterized by a number of interacting factors in which the 
relationship between these factors is not precisely known. A 
conventional method for building empirical relationships is the 
statistical approach such as multivariable linear regression, but it 
is difficult to apply the statistical approach in a complex non linear 
system. An alternative method is the neural network approach. A 
neural network model is a computer model whose architecture 
essentially mimics the learning capability of the human brain. 
Basically, the processing elements of a neural network, with many 
simple computational elements arranged in layers, are similar to 
the neurons in the brain.  

Most neural network applications are based on the back 
propagation paradigm, which uses the gradient descent method to 
minimize the error function. A back propagation neural network is 
a layered network consisting of an input layer, an output layer, 
and at least one layer of nonlinear processing elements known as 
the hidden layer. The input layer of the neural network receives 
signals from the external environment; the hidden layer receives 
signals from the input layer and transmits an output signal based 
on a transfer function to a subsequent layer.   
 

In this paper, from the viewpoint of strength, workability and 
economy, a methodology of mix proportioning for structural 
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concrete based on the concept of artificial neural networks 
and nonlinear optimization is presented. The basic 
procedure of the methodology consists of three steps: 
 
1.Modeling: Build an accurate model for workability and 
strength using artificial neural networks and experimental 
data.  
2.Incorporating: Incorporate these models in software 
allowing an evaluation of the specified properties for a 
given mix.  
3.Optimizing: Incorporate the software in a nonlinear 
programming package allowing a search for the optimum 
proportion mix design.  
 

The main objective of the study is to develop a mix 
proportioning methodology of structural concrete. For 
performing optimum concrete mix design based on the 
proposed methodology, a computer program has been 
developed and will be presented. With this software, one 
can conduct mix simulations covering all the important 
properties of the concrete at the same time. To 
demonstrate the utility of the proposed methodology, 
experimental results from several different mix proportions 
based on various design requirements are presented. The 
results of this approach indicate that this methodology 
yields the target values of workability and strength as per 
requirements. 
 
OPTIMIZATION OF CONCRETE MIX DESIGN 
 
The aim of the methodology is to find the optimum mix 
proportion. The strength and workability are chosen as 
input parameters. To apply the proposed procedure, it is 
necessary to formulate properly the concrete optimization 
problem, to prepare and input the data in an appropriate 
way, and to run the optimization routine. The analytical 
method used is based on the five constraints i. required 
strength ii. required workability iii available range iv. 
rational ratio and v. absolute volume. 
Minimize cost = 

. . . . . . .c c F F S S W W P P CA CA FA FAC W C W C W C W C W C W C W     

 

where , , , , , , :C F S W P CA FAC C C C C C C Unit price of the 

cement, flyash, slag, water, plasticizer, coarse aggregate 
and fine aggregate respectively; 

, , , , , , :C F S W P CA FAW W W W W W W Weight (kg) of the 

cement, fly ash, slag, water, plasticizer, coarse aggregate 
and fine aggregate in 1 cum of concrete.  
 
 

Constraints: 
 
1. Required strength constrains   

7 7

cr crS f   ;   14 14

cr crS f    ;   28 28

cr crS f    ;   30 30

cr crS f    

;   90 90

cr crS f
 
where 7 14 28 60 90, , , , :cr cr cr cr crS S S S S Predicated 

7 day, 14 day, 28 day, 60 day and 90 day compressive    

strength; and 7 14 28 60 90, , , , :cr cr cr cr crf f f f f Required 7 day, 14 

day, 28 days, 60 day and 90 day  compressive strength.  
The required average compressive strength in given by 

.cr cf f K  where
cf : Specific compressive strength, 

and  : Standard deviation of the available test data  of 

compressive strength.  
2. Required workability constraints: Slump > Slumpr 
where Slump and Slumpr : Predicted and Required slump. 
3. Available range constraints 

    min max

C C CW W W    ;       min max

F F FW W W      ;    

min max

S S SW W W     ;   min max

W W WW W W              

    min max

P P PW W W      ;      min max

CA CA CAW W W     ;    

min max

FA FA FAW W W   

 
The available range constraints reflect the regulation and 
experience of concrete mixed design  and reduce search 
space and accelerate the optimization process.  
4. Rational ratio constraints.  

min max

i i iR R R    ;  1 to 8i   

where  
1 ( ) /W P CR W W W    

2 ( ) /( )W P C F SR W W W W W     

3 ( ) /( )W P C F S CA FAR W W W W W W W       

4 /( )F C F SR W W W W    

5 /( )S C F SR W W W W    

6 ( ) /( )F S C F SR W W W W W      

7 ( ) /( )CA FA C F SR W W W W W     

8 /( )FA CA FAR W W W 
 

 
The rational ratio constraints reflect the experience and 
knowledge of concrete mix design.    
They can reduce the search space and accelerate the 
optimization process. 
5. Absolute volume constraints  
The absolute volume equation represents a condition that 
the total volume of the components of concrete should 
correspond to the volume of 1 cum of concrete. 
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1000C S W CAF P FA

C F S W P CA FA
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G G G G G G G
        

    where , , , , , , :C F S W P CA FAG G G G G G G Specific 

weight of the cement, fly ash, slag, water, plasticizer, 
coarse aggregate, and fine aggregate. 
 
ARCHITECTURE OF ARTIFICIAL NEURAL NETWORKS 
 
Artificial neural networks are family of massively parallel 
architecture that can solve difficult problems by 
cooperating with highly interconnected but simple 
computing elements (or artificial neurons). Most research 
is based on back-propagation neural networks. To train the 
network, the weight of connections are modified according 
to the information it has learnt. The network learns by 
comparing its output for each input pattern with a target 
output for that pattern then calculating the error and 
propagating an error function backward through the net.  
 
To run the network after it is trained, the values for the 
input parameters for the project are presented to the 
network. The network then calculates the node outputs 
using the existing weight values and thresholds developed 
in the training process. The process for running the 
network is extremely rapid, since the system only 
calculates the network node values once 

 
MODELLING STRENGTH USING ARTIFICIAL NEURAL 
NETWORKS 

 
Although each component is described using only a single 
term, these terms actually represent a variety of forms. For 
example a cement can be powdered to various degrees of 
fitness and composed of several different chemical 
compositions. Apart from the component types, the 
properties of concrete are influenced by the mixing 
proportions and by the mixing preparations technique. 
Technical references consists of experimental data 
describing several of different mixes. A mix is almost never 
described with all of the details. Thus a strength prediction 
from the available data is a highly uncertain task. 
Therefore, in this approach, the compressive strength of 
concrete is a function of the following eight input features: 
1. Cement 2. Fly ash 3. Blast furnace slag 4. Water 5. 
Plasticizers 6. Coarse aggregate 7. Fine aggregate and 8. 
Age of testing. 
 
 
 
 

DATA 
 
Experimental data from the projects, on the use of fly ash 
and blast furnace slag as partial replacement of cement, 
where used to check the reliability of the strength model. 
Test data were assembled for concrete containing cement 
plus fly ash, blast furnace slag and plasticizer. About 75 
concrete mixes made with ordinary portland cement and 
cured with normal conditions were evaluated. Table1 
presents the general details of the concrete evaluated in 
this study. The database often contains unexpected 
inaccuracies. For instance, the class of fly ash is 
sometimes not reported. The greatest difficulty seems to 
be related to the application of plasticizers. They are used 
from different manufacturers, of different chemical 
compositions and without details concerning the solid 
contents in the suspensions. 
 
Table 1. Statistical Analysis of Data Set 
 

Component 
content or ratio 

Minimum Maximum 

Cement (kg/m3) 
Fly ash (kg/m3) 
Blast furnace slag 
(kg/m3) 
Water (kg/m3) 
Plasticizer (kg/m3) 
Coarse aggregate 
(kg/m3) 
Fine aggregate 
(kg/m3) 
Water / Cement 
ratio 
Fly ash / 
Cementitious ratio 
Slag/Cementitious 
ratio 
(Fly ash + 
Slag)/Cementitious 
ratio 

225 
0 
0 

180 
0 

950 
480 
0.4 
0 

0.0 
0.0 

450 
225 
225 
270 
0.2 

1250 
750 
1.6 
0.50 
0.5 
0.5 

 
TRAINING RESULTS 
 
A database of 75 records, each containing the eight 
components for the input vector and the compressive 
strength for the output value, were shuffled using a random 
sampling, dividing them into a training set (70 records) and 
a testing set (5 records). The neural network developed in 
the investigation has eight units in the input layer and one 
unit in the output layer. Training means to present the  



B.JayaramiReddy                                                                                           © 2012 DSRC 
  

 

 

International Journal of Computers Electrical and Advanced Communications Engineering 
Vol.1 (3), ISSN: 2250-3129 

 

130 

network with the experimental data and have it learning, or 
modify its weights, such that it correctly reproduces the 
compressive strength when presented with the mix 
proportion and age. 
 
The value of network parameters considered in this 
approach are as follows: Number of hidden layers = 1, 
Number of hidden units = 8, learning rate= 1.0, Momentum 
factor = 0.5 and Learning cycles = 100. 
 

MODELLING WORKABILITY USING ARTIFICIAL 
NEURAL NETWORKS 
  
In this approach, workability of concrete is a function of the 
following input features :  
1. Cement 2. Fly ash 3. Blast furnace slab4. Water 5. 
Plasticizer 6. Coarse aggregate7. Fine aggregate. The 
output of the system is slump.  
 

TRAINING 
 
The neural network developed in the investigation has 
seven units in the input layer and one unit in the output 
layer. The value of network parameters considered in this 
approach are: Number of hidden layers=1, Number of 
hidden units = 7, Learning rate = 1.0, Momentum factor = 
0.5 and Learning cycles = 100. 
 

OPTIMIZING MIX PROPORTION 
 
For performing concrete mix design based on the 
proposed methodology, a computer program using C 
language has been developed. This program helps 
accelerate concrete mix proportioning and, hence, save 
time. Besides, the effect of unit price of material is 
considered.  
 
The architecture of program is divided into four parts: 1. 
Database of experimental data 2. Modeling mechanism 
based on artificial neural networks 3. Model base of 
material behavior 4. Optimizing mechanism based on non 
linear programming. 
 
The inputs of the program are as follows:1.Unit prices of 
components 2. Required compressive strength 3. Required 
workability 4. Component ranges 5. Ratio limits and 
specific weight of components. These data are listed in 
tables 2-7. 
 
 
 

Table 2. Unit prices of components 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Average compressive strength constraints 
 

Strength Constraints 

  7 day strength 
14 day strength 
28 day strength 
60 day strength 
90 day strength 

280.6 crf  

280.75 crf  

281.0 crf  

281.15 crf  

281.2 crf  

 

Table 4. Required workability constraints  
 

Workability test Constraint (cm) 
Initial Slump >10 

 
Table 5. Available range Constraints 
 

Component content or ratio Minimum Maximum 

Cement (kg/m3) 
Fly ash (kg/m3) 
Blast furnace slag (kg/m3) 
Water (kg/m3) 
Plasticizer (kg/m3) 
Coarse aggregate (kg/m3) 
Fine aggregate (kg/m3) 

225 
0 
0 

180 
0 

950 
480 

450 
225 
225 
270 
0.2 

1250 
750 

 

Table 6 Rational ratio constraints 

Component  Minimum limit Maximum limit 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 

0.40 
0.30 
0.07 
0.00 
0.00 
0.00 
3.00 
0.30 

0.70 
0.60 
0.10 
0.50 
0.50 
0.60 
7.00 
0.55 

Component Unit price 
Rs/kg 

Cement 
Fly ash 
Blast furnace slag 
Water 
Plasticizer 
Coarse aggregate 
Fine aggregate 

5.20 
0.80 
1.00 
0.05 
150 
0.70 
0.40 
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Table 7. Specific Gravity of Components 
 

Component Specific gravity 

Cement 
Fly ash 
Blast furnace slag 
Water 
Plasticizer 
Coarse aggregate 
Fine aggregate 

3.15 
2.22 
2.85 
1.00 
1.20 
2.65 
2.66 

 
The output of the program is as follows: 
1.Proportion: Cement, fly ash, blast furnace slag, water, 
plasticizer, coarse aggregate and fine   
   aggregate.  
2.Unit price of concrete  
3.Predicated workability  
4. Predicated compressive strength and  
5. Calculated ratio 
Table 8 shows the optimum mix design of the required average 
compressive strength: 
 
Table 8. Optimum design of the required average compressive 
strength 
 

Component content 
or ratio 
 

Mix 1 
(M15) 

Mix 2 
(M20) 

Mix 3 
(M25) 

Cement (kg/m3) 
Fly ash (kg/m3) 
Blast furnace slag 
(kg/m3) 
Water (kg/m3) 
Plasticizer (kg/m3) 
Coarse aggregate 
(kg/m3) 
Fine aggregate 
(kg/m3) 
Water/Cement ratio 
Water/Cementitious 
ratio 
Cost in Rupees 

185.6 
98.7 
70.4 
191.5 
0.15 
1380.1 
672.2 
1.03 
0.54 
2381.6 

226.0 
116.5 
83.2 
208.6 
0.16 
1367.5 
616.6 
0.93 
0.49 
2590.5 

262.2 
119.8 
92.4 
218.0 
0.17 
1341.2 
584.0 
0.83 
0.46 
2760.5 

 
A Complete step-by-step procedure of the methodology for mix 
proportioning can be summarized as follows. 
1. Build an accurate strength model using artificial neural 
networks and experimental data. 
2. Build an accurate workability model using artificial neural 
networks and experimental data.  
3. Optimize the mix using non linear programming. 
4. Perform workability tests with a view to checking that the 
selected mix has the desired   
    workability.  
     a. If the results are close to the predictions, go to step 5. 
     b. If the results are not too far from the predictions, 
adjustment of proportion may be required.   

To achieve mix of required workability, plasticizer is used in the 
mix to obtain the required  workability. Then go to step 5.  
c. If the results are too far from the predictions, go to step 2 to 
rebuild the workability model  
using artificial neural networks and the augmented experimental 
data.  
5. Perform strength tests with a view to checking that the 
selected mix has the desired strength.  
a. If the results are close to the predictions, stop the optimization 
process. 
b. If the results are not too far from the predictions, adjustments 
of proportion may be  required. To achieve mix of required 
strength, cementititous materials are used in the mix  so as to 
obtain the required strength. Then perform the strength test.  
c. If the results are too far from the predictions, go to step 1 to 
rebuild the strength model using  artificial neural networks and 
the augmented experimental data.  
 

CONCLUSIONS 
 
This paper is aimed at demonstrating the possibilities of 
adapting neural networks in the concrete mix design. The 
method presented should be useful to search easily for 
concrete design. This study led to the following 
conclusions: 
 

1. The basic procedure of the methodology consists of 
three steps: a. Build an accurate model for workability and 
strength using artificial neural networks and experimental 
data. b. Incorporate these models in software allowing an 
evaluation of the specified properties for a given mix and c. 
Incorporate in a non linear programming package allowing 
a search for the optimum proportion mix design. 
2. Since there are some assumptions on the material 
properties underlying that neural network computing, it is 
necessary to make trial mixes with several small batches 
at laboratory. However, the proposed methodology 
provides a guideline to select appropriate materials and 
mix proportions as a starting trial batch of concrete and 
reduce the number of trial mixes required.  
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