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The paper presents the application of Artificial Neural Networks for the identification of the load causing 
a partial yielding in the cross-section of a simple supported beam. The identification of the load was based 
on a change of the dynamic parameters (eigenfrequencies) of the partially yielding structure. On this basis 
and using neural networks a tool for the location and evaluation of the load causing the deformation 
was built. The optimum network architecture, learning algorithm, number of epochs, and the minimum 
number of eigenfrequencies have been found . In order to come to the final conclusions, a wide variety of 
network architectures (from simple networks with four neurons in one hidden layer to complex networks 
consisting of two or three simple networks), learning algorithms and different numbers of learning epochs 
have been tested. 

1. INTRODUCTION 

Plastic deformation of a structure may arise as a result of external actions like exceeding the 
yielding load or as a result of section defects [2] (microdefects). The determination of the section 
yielding index enables the evaluation of the safety margin of the structure [6]. The yielding index 
can be calculated if the load effecting the structure is known. Thus load identification may provide 
information on the structure state. The identification can be performed by a modal analysis of the 
dynamic response of the object and by reckoning of the dynamic characteristics of the structure. 

The term dynamic characteristics of a structure refers to the eigenfrequencies of the mathematical 
model which represent the modal parameters of the structure. By measuring the changes of the 
dynamic response of a structure we can estimate the structure state and identify the kind and value 
of the load. The state changes, e.g. the development of yielding zones, lead to changes of the structure 
stiffness and further to modal parameters changes. Information on the dynamic characteristics 
changes during the yielding process is required for the structure state evaluation. 

Recently Artificial Neural Networks (ANN) have been applied in numerous fields of civil en
gineering, e.g. damage identification, structure parameters identification, nondestructive testing, 
structure state estimation, and others [12]. ANN proved to be a very useful and effective tool. 

This paper presents the application of ANN in the load identification based on modal properties 
changes. The assessed problem is of the Load Simulation type [11] in which the response and features 
of a Mechanical Structure (MS) are given and the identification of the load is the expected result. A 
simple supported beam with loads exceeding the yielding load has been analysed. The load location 
and value have been calculated on basis of changes of the beam eigenfrequencies. ANNs recognising 
the load parameters have been constructed. The minimum number of eigenfrequencies for proper 
network operation and the optimum network architecture have been determined. 

2. DESCRIPTION OF THE PROBLEM 

Relative changes of the first ten eigenfrequencies of the numeric model have been considered in 
the solution of the problem performed with the finite element method (FEM) system ADINA [10]. 
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First four eigenfrequencies make it possible to identify correctly the load resultant and the 
location, while the precision of the width identification bears a much larger error. Less than four 
eigenfrequencies on the input lead to a situation in that the network is unable to recognize any load 
parameter. From among the three parameters used for the load description, two (location and value 
resultant) are defined correctly by the network. The third parameter (load width) has the biggest 
error - the input eigenfrequencies changes do not carry the information sufficient for the width 
identification with expected precision. 

In the case of parameters defined in the last stage of the work (load location, resultant and oper
ational width), even networks with one hidden layer with ten neurons produce satisfactory results. 
Further network complexity increase does not improve the quality of the results. The precision of 
the load location and the resultant identification may be improved by the elimination of the third 
parameter. The same approach applied to the width identification (a network identifying only this 
parameter with the resultant and location eliminated) does not improve the precision above that 
precision of the parallel identification of all three parameters. 

Because the load width identification is very unprecise, the efforts to build a complex network 
identifying the load width in its first stage are ineffective. The error of the width identification is 
transferred to the further identification process. After the load parameters definition change was in
troduced the width identification did not influence the other parameters which results in a significant 
improvement of the precision in the third stage of the research. A further precision improvement may 
be obtained not by increasing the number of input eigenfrequencies but by providing supplementary 
input data, e.g. selected coordinates associated with the eigenvector frequencies. 
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