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ABSTRACT 

 

Reinforced Cement Concrete (RCC) structure is most widely used in the construction industry alongside other 

types of structures such as steel structures, wooden structures and many other systems used globally. This paper 

will employ Artificial Intelligent (AI) techniques for modelling the (RCC) elements in the buildings using the 

Kohonen Self Organizing Map (KSOM) and a comparison between this technique and other techniques used in 

the field, such as the Artificial Neural Network (ANN). The results show that the Kohonen Self Organizing Map 

(KSOM) is an attractive tool for modelling reinforced concrete structures. Moreover, this technique offers a 

magnificent tool for high dimensional data visualization. 

 

Keywords: Reinforced Cement Concrete, Artificial Intelligent, Kohonen Self Organizing Map, Artificial Neural 

Network 

 

INTRODUCTION 

 

The global trends nowadays for the designing of (RC) Structures, as sustainable buildings, direct the designer 

towards reducing the resources of concrete used in the structures by conserving the use of the environmental 

resources, hence an optimized design is required to establish any building. For the time-being, the researchers try 

to outline new ways, techniques, methods or procedures for the design to override the old ones.    

The major limitations for the conventional methods is the safety factors presumed in the calculations where 

this my lead to an exaggerated material quantities which it will affect the cost of the building in the first place, 

time for construction and additional building mass where it will be critical in the seismic analysis, futhermore it 

require a huge time for the designing and analyzing especially in the complex buildings. 

Subjected to the above, the researchers/designers targets to employ the artificial intelligent techniques to solve 

these critical issues such as the artifical neural network (ANN) and Kohonen Self-Organizing Map (KSOM). 

 

CHAPTER 1: LITERATURE REVIEW 

 

 The construction of any building required a structural system to carry out the load applied to, hence a proper 

design to be considered, there are multiple ways to achieve this target starting from the conventional methods that 

are highlighted in the international codes, however nowadays the main target is to use the artificial intelligence 

techniques such as but not limited to ANN (supervised technique, where the tutor is required to obtain the final 

output) and KSOM (unsupervised technique, where the tutor is not required to obtain the final output)1.  

The main technique that will be covered under this paper is one of the unsupervised techniques which is the 

KSOM network that was designed to solve problems such as clustering, visual analytics, and abstract thought, 

among others. The results reveal that when KSOM and the contiguity-constrained clustering approach are 

combined, the clustering results are comparable to those of other clustering methods. Then, using two well 

referenced machine-learning scenarios, assess the method's applicability and compare the findings to those of 

several famous statistical clustering methods, referring to figure 1 for a simple illustration of KSOM technique2. 

 
Fig. 1 – Illustration of winning node and its neighborhood in KSOM1. 
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Training of KSOM using batch training algorithms 

 

The range of neighbors starts out very large, but as training progresses, this range will tend to shrink by 

clustering to choose the winner neuron. In the end, the neurons will cluster and be classified based on how well 

their information matches. By using batch training algorithms, the time required to train the network will be 

reduced, and quantization and topographic errors will be reduced3. 

 

CHAPTER 2: METHOD AND MATERIALS 

 

To implement the use of KSOM in the structural field under the case study the main sections parameters, the 

computer software used to study these cases and implement it accordingly in the model, additionally models’ 

performance evaluation criteria shall be used to evaluate the model and compare the results along with the other 

methods used as described in literature. 

 

Case Study 

 

The methodology followed under this paper work was applied to several data collected from several researches 

for both selected cases which are beams with stirrups and beams without stirrups, in both cases the results of 

artificial neural network (ANN) and the experimental results for shear force are also included and this will be used 

for validation and comparison between it and KSOM method, furthermore in this paper several software where 

used to validate the data a get the most affected parts to the method in visualized maps. 

The model for each case was developed and implemented using MATLAB 7 Programming language and 

Neural Networks toolbox (Version 7, Release 14, MathWorks, Inc) and MATLAB 5 using the SOM toolbox to 

build and visualize KSOM where it was developed at the CIS laboratory at Helsinki University of Technology7. 

The MATLAB was chosen because neural networks require complicated matrix computations, and the tools 

within the software helped to provide a comprehensive design, implementation, and simulation of the model 

quickly. It is also flexible enough to do the necessary customization. The work was done using the software's 

package documentation and literature1. 

Microsoft Excel was chosen to visualize the data in figures and perform mathematical calculations to obtain 

the minimum, maximum, standard deviation, average, outlier, and other results needed for this study. The functions 

and definitions of the terms were obtained from the software package's documentation and the literature. 

 

Table 1 Notations Used For Beams With Stirrups Case 

 

ID Identification 

b Beam cross section width (mm) 

h Beam cross section height (mm) 

d Effective depth of section (mm) 

av Shear span of beam (mm) 

fc Concrete compressive strength (MPa) 

Asl Longitudinal reinforcement area (mm²) 

A’sl Compressive longitudinal reinforcement area (mm²) 

ρ (%) Percentage of longitudinal reinforcement (%) 

ρ ' (%) Percentage of compressive longitudinal reinforcement ratio (%) 

ρv (%) Percentage of Transverse reinforcement ratio (%) 

fyl Longitudinal reinforcement nominal yield stress (MPa) 

f ’yl Compressive longitudinal reinforcement nominal yield stress (MPa) 

fyv Transverse reinforcement nominal yield stress (MPa) 

Asv Stirrups reinforcement area (mm²) 

VEXP Experimental maximum shear (kN) 

PEXP Experimental maximum load (kN) 
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Models Performance Evaluation Criteria 

 

The network should be evaluated and compared to other findings after it has been trained. In this study, the 

KSOM was employed and compared to the experimental and ANN techniques, and the following evaluation 

criteria were employed1. 

1. The Average Absolute Error (AAE) 1. 

2. The relative average absolute error (RAAE)1.  

3. The normalized root mean squared error (NRMSE)1. 

4. The mean square error (MSE)1. 

5. The correlation coefficient (R)1. 

6. The classification error (CE)1. 

Analysis of Variance (ANOVA) Criteria 

1. Sum of Squares (SS)1. 

2. Mean Square (MS)1.  

3. The Overall (F)1. 

4. Significance F1. 

Regression Summary Criteria 

1. Coefficient: It gives the least squares estimate1. 

2. Standard Error1. 

3. t Stat1. 

4. P Value1.  

5. Lower & Upper 95%1. 

Regression Statistic Criteria 

1. Multiple R1. 

2. R Squared (r ²)1. 

3. Adjusted R Square1.  

4. Standard Error1.  

5. Observations1. 

 



SEE-Mie, Japan, Nov.10-12, 2022 

4 

 

CHAPTER 3: RESULTS AND DISCUSSION 

 

Results 

To start the implementation of KSOM technique two selected cases used hereinafter as described earlier then 

compare it with ANN technique and the experimental results to judge the useful of this technique, it is worthy to 

mention that the results obtained for this research went through a serial of regressions (in sets), noting that the data 

analyzed was around 568 for the first case (Beams without stirrups) and 296 for the second case (Beams with 

stirrups). 

 

Beams without stirrups case 

In this case the data obtained from the sources4 were analyzed through 3 sets of regression, each set obtain a 

serial number of results, hereinafter the results will be shown and discussed. 

Below figures explain how each characteristic can affect the results using MATLAB Software, the higher the 

color appears in figure represents more contribution of this characteristic on the specimen.  

 

 

    

   

 

Fig. 2 – Affection of the specimen characteristic on the results – Case –1 – Set 1 

 

 
Fig. 3 – Time Series Plot for the regression analysis – Case –1 – Set 1  
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Fig. 4 – Scattered Plot between VEXP and VKSOM techniques – Case –1 – Set 1  

 

And similarly, for set 2 and 3 the calculations were obtained, the same procedure followed for the other case, 

comparing all the results using the criteria described earlier to judge the technique for using it in the structural 

field.  

 

 

Conclusion and Recommendations  

Based on the above calculations, results and figures it was found that using Kohonen Self Organizing Map 

“KSOM” technique which is part of the artificial intelligent techniques in the structural field is feasible and within 

the acceptable limits by comparing the obtained results along with the experimental results and those results 

obtained by using ANN, hence it is useful to use this kind of technique even when some data were missing and 

the model didn’t get affected by these missing data or the outliers and this one of the most important advantages 

of this technique. 

The model training as shown in the both cases tested for this technique got affected by the sectional dimension, 

location of the main reinforcement, and applied moment on the section, while the effect of the reinforcement 

percentage or the compressive strength of the section represent less important for the same. 

Moreover, the model could be enhanced by adding other data from other sources to train it better and enhance 

it, this will tend to reduce the time requested to predict an acceptable design and reduce the time consumed using 

the conventional method procedure and the mathematical calculations. 

Nevertheless, other type of structural element could be entered to the model, train the model to get various type 

of designed element and test it, the same will made this technique part of the next revolution in the structural 

design and other engineering and non-engineering fields. 
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