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ABSTRACT 
In past days many researchers have been worked on the stabilized Black Cotton (BC) soil to 

determine the Unconfined Compressive Strength (UCS) values in a conventional ways in laboratory 
thorough experiments, which is time consuming and requires number of persons. So we the authors of 
this study attempted to determine these values using Artificial Neural Networks (ANN).  

 ANN which are simple mathematical models are inspired from the brain’s certain 
information-processing characteristics including the parallel processing, the ability to learn and 
generalize, disregard data errors and produce meaningful solutions, which fall beyond the reach of 
conventional digital computers. Over the last few years or so, the use of ANN has increased in many 
areas of engineering. In particular, ANN has been applied to many geotechnical engineering problems 
and has demonstrated some degree of success. A review of the literature reveals that ANN has been 
used successfully in pile capacity prediction, modeling soil behavior, site characterization, earth 
retaining structures, settlement of structures, slope stability, design of tunnels and underground 
openings, liquefaction, soil permeability and hydraulic conductivity, soil compaction, soil swelling 
and classification of soils. 

In the present study the BC soil has been mixed with RHA and cement with different 
proportions. The different combination of BC soil-RHA-Cement mixes have been tested for 
unconfined compressive strength immediately after preparing the samples and after (3+1) days curing 
period. The UCS values of mixes BC soil- RHA increases increase of cement proportions and found 
higher values for cured samples. It is observed that UCS value is more consistent with the mix BC 
soil+8% cement+10% RHA compared other mixes, though little changes observed in the other mixes. 
Experimental results have been compared with the UCS values determined by ANN and the errors are 
determined. The errors found minimum of 1.18% for BC soil+ 8% cement+ 10% RHA and maximum 
of 9.40% for BC soil+ 4% cement+ 15% RHA. The present study deals with collection of input data 
base from experimental results, ANN’s training and its testing are adopted to fix the appropriate 
weighted matrix which in turn Prognosticates the UCS value. Experimental results have been 
compared with the UCS values prognosticated by using ANN. The results of this study will contribute 
for the prognostication of UCS, which will assist a geotechnical engineer in estimation of UCS, with 
minimum effort.  
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INTRODUCTION 

Construction of road on black cotton soil region proved to be unsatisfactory both 

performance and cost wise due to continue altering in its properties. Chemical stabilization 
includes the addition of lime, cement, lime sludge and chemical compounds or combination 
of these is generally adopted in expensive soil region. Studies on stabilization of soil by using 

pozzolanic materials like fly ash, coal ash with lime or cement or with chemical compounds 
are proved satisfactory results in improving soil properties. Rice husk ash is an industrial 
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waste generated during firing process of paddy husk, containing a good percentage of 

amorphous silica and is being used in many applications. Recent studies also proved the 
beneficial effect of rice husk ash a super pozzolanic material with lime or cement in 

improving soil properties. Naigh et al. (1995) [1] have presented CBR of clayey soil of liquid 
limit 52% increased linearly with increase in cement content. It was established that, the CBR 
of soil-cement mix increases with the secondary additive sodium carbonate. Sridaran et al. 

(1995) [2]  have reported 20% fly ash(C-type) is an effective additive to enhance the CBR of 
black cotton soil to optimum value. It was found that at 20 % fly ash content, CBR of black 

cotton soil increased by 400%. An experimental study by Agus et al. (2002) [3] on Soil- lome-
RHA stabilization brings out, the influence of RHA and lime on engineering properties of 
soil. It was found that, significant reduction in plasticity and influence on strength and CBR 

of clayey soil of high expansive in nature (PI=41.25%).  It was established that on addition of 
10% RHA and lime content between at 6% to 8%, strength reaches to its optimum level. 

Studies by Emhammed et al. (2002) [4] have observed significant improvement over 
plasticity index of RHA-cement stabilized residual and expansive (bentonite) soils.In this 
present experimental work, influence of RHA and cement on Unconfined Compressive 

Strength of black cotton soil is studied experimentally. The results have been compared with 
the results of ANN and it is found that the similar trend is obtained. 

 

EXPERIMENTAL PROGRAMME 

Material  

              The soil used in the study was black cotton soil (BC Soil). According to IS 
classification system, the BC soil is clay of high compressibility (CH). Rice husk was 
obtained from local rice mill and burnt in a tube in basket rice husk burner. The ash was so 

obtained was powdered and sieved through 600µ IS sieve. Ash fraction that passed through 
600µ IS sieve used for study. The physical properties of BC soil and RHA tested are given in 

table 1 and physical properties of cement tested are shown in table 2. Table 3 shows the 
chemical properties of BC soil and RHA used.  
 Testing Methods 

The UCS tests were conducted on cylindrical samples of size 38mm diameter and 
76mm height, prepared at maximum dry density (MDD) and optimum moisture content 

(OMC). Each sample was cured. During moist curing temperature was maintained without 
loss of any moisture content. After immersion period of one day, samples were tested with 
strain rate of 1.25mm/minute. 

 

ARTIFICIAL NEURAL NETWORK  

Artificial neural networks (ANNs) are a functional abstraction of the biological neural 
structures of the central nervous system. They are powerful pattern recognizers and 
classifiers. They operate as black-box, model- free and adaptive tools to capture and learn 

significant structure in data. Their computing abilities have been proven in the fields of 
prediction and estimation, pattern recognition and optimization. They are suitable particularly 

for problems too complex to be modeled and solved by classical mathematics and traditional 
procedures. ANN modeling, a paradigm for computation and knowledge representation is 
inspired by the understanding and abstraction of the biological structure of neurons and the 

internal operation of the human brain. A neural network consists of multiple layers of ma ny 
interconnected linear or non- linear processing units operating in a parallel fashion. Each 

processing units receives multiple inputs through weighted connections from neurons in the 
previous layer to which it is connected, performs appropriate computation, transmits it output 
to other processing units or as a network output using an assigned transfer function. The 
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nonlinear nature of neural networks makes them suitable to perform functional 

approximation, classification and pattern recognition. For instance, a neural network has the 
ability to learn the mapping between a set of input data and its respective output and to 

synthesis through training an associative memory that may generate appropriate output when 
presented. 
 

ANN METHODOLOGY 
Artificial Neural Network models are specified by topology, node characteristics and 

training or learning rules. These rules specify an initial set of weights and indicate how 
weights should be adopted during improvement of convergence performance. Broadly there 
are two types of ANN models namely supervised and unsupervised. In case of supervised 

both input patterns and output patterns are known during training. The present paper adopts 
feed forward supervised ANN model for prediction of UCS. The possible training parameters 

are number of iterations (epoch) learning rate, error goal and number of hidden layers. These 
parameters are varied until a good convergence of ANN training is obtained and there by 
fixing the optimal training parameters. These optimal parameters are used for testing and 

validation process.  However the numbers of neurons in the input layer and output layer are 
determined based on the problem domain depending up on number of input variables and 

number of output or target variables. The number of hidden layers and neurons in hidden 
layer are fixed during the training process. The specific ANN topology model adopted in this 
study is depicted in the fig 1. A significant number of reports have been published in 

application of ANN for the prediction of future events in Civil engineering problems . These 
reports and papers have been varied from, Neural networks for profiling stress history of 
clays from PCPT data (Pradeep U. Kurup and Nitin K. Dudani) [5], Reducing prediction 

error by transforming input data (Bhattacharya B. and Solomatine D.P) [6], A fuzzy-Neuro 
Model for Normal Concrete mix design (M.C.Nataraj et al) [7]. 

 

         

 

  

         

 

 

 

 

 

 

     

 

 

 

Properties tested 

 

Value 

Grade 43 

Specific gravity  3.12 

Normal consistency (%) 32 

Initial setting time (min) 96 

Final setting time (min) 364 

Fineness (%) 5.5 

Compressive strength  

3 days strength (Mpa) 25.5 

7 days strength (Mpa) 36.7 

28 days strength (Mpa) 41.5 

 

Properties tested 

 

BC Soil 

 

RHA 
Specific gravity 2.67 1.92 

Liquid limit (%) 64.86 128.34 

Plastic limit (%) 28.89 - 

Shrinkage limit (%) 11.48 - 

Plasticity index (%) 35.97 Non plastic 

Grain sizes   

Gravel fraction (%) - - 

Sand fraction (%)   

Coarse (%) 1.5 - 

Medium (%) 4 2.84 

Fine (%) 12.54 31.45 

Silt fraction (%) 26 52.35 

Clay fraction (%) 55.96 13.36 

MDD (KN/m2) 14.75 7.09 

OMC (%) 26.53 74.24 

Free swell index (%) 109.12 - 

Elements BC soil (%) RHA (%) 

SiO2 38.32 83.32 

Fe2O2 2.69 0.8 

SO3 0.034 0 

CaO 3.05 0.71 

MgO 2.69 0 

Al2O3 5.93 0.8 

Ignition loss 11.04 5.23 

pH 8.06 9.69 

Table 1: Physical Properties of So il and RHA 

               Tested.    
Table 2: Physical Properties of Cement  Tested:         

Table 3: Chemical Properties of So il and RHA used 
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RESULTS AND DISCUSSION 

Table 4 shows that UCS values of mixes BC soil- RHA increases with cement proportions 

and found higher values for cured samples. It is observed that UCS value is more consistent 

with the mix BC soil+8% cement+10% RHA compared to other mixes, though little changes 

observed in the other mixes. Experimental results have been compared with the UCS values 

determined by ANN (values within parenthesis). Same pattern of results are observed by 

ANN prediction.  

 

CONCLUSION 

From our study we can conclude that ANN could be a good mathematical tool for prediction 

of UCS values, using data pattern technique, rather than complicated laboratory procedures. 
It demonstrates that where conventional method feels difficult to estimate UCS, ANN model 

supports to predict. 
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Mix proportion (% ) 

 

UCS (kPa)  

Note:- data inside the 

parenthesis indicates the 

predicted results of ANN 
Soil RHA Cement 0 days (3+1) days 

100 0 0 470.16 (470.16) 0 (0) 

95 5 0 424.46 (424.46) 0 (0) 

90 10 0 408.15 (408.15) 0 (0) 

85 15 0 381.36 (381.36) 0 (0) 

96 0 4 940.18 (940.18) 1124.06(1124.0) 

92 0 8 1262.56(1262.5) 1635(1635) 

88 0 12 1538.36(1538.3) 1883(1883) 

91 5 4 915.35(915.35) 1328.45(1328.4) 

87 5 8 1302.49(1302.4) 1832.2(1832.2) 

83 5 12 1555.32(1555.3) 1933.95(1933.5) 

86 10 4 894.37(894.3) 1532.8(1532.8) 

82 10 8 1340.43(1340.4) 2035.75(2035.7) 

78 10 12 1645.73(1645.7) 2137.5(2137.5) 

81 15 4 851.84(851.8) 1628.6(16286) 

77 15 8 1443.9(1443.9) 1933.5(1933.5) 

73 15 12 1697.2(1697.2) 1995(1995) 

Table 4: UCS of Soil-RHA-Cement Mixes  

FIG: 1 Illustrative topology to prognosticate 

UCS values 

BCsoil-RHA-

Cement mix 

Hidden 

layer 

UCS 

values 
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