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The paper is a development and continuation of paper [8) where the Panagiotopoulos approach was 
extended for the elastoplastic analysis. In case of elastic analysis the parameters of the Hopfield-Tank 
Neural Network (HTNN) are calibrated only once but the updating of the elastoplastic stiffness matrix 
needs an iteration of HTNN and FE system. The main problem is the matrix condensation repeated for 
each iteration step of the Newton-Raphson method. Besides all the improvements proposed in [15), a new 
interacting program has been implemented which enables a significant decrease of the processing time 
(number of iterations) in comparison with the time achieved in [8). The results of the extensive numerical 
analysis are discussed for a tension perforated strip with a rigid bolt placed frictionlessly in a circular hole 
in the middle of the strip. 
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1. INTRODUCTION 

Artificial neural networks (ANNs) have been successfully applied in the analysis of numerous prob
lems of mechanics of structures and materials [13, 16]. In [17] the attention was turned on two fields 
of ANNs applications. The first one is related to the use of ANN as a new independent compu
tational tool. The other field is associated with the complementary features of ANNs to the finite 
element method (FEM) and formulation of the hybrid FEM/ ANN systems in which ANNs are used 
as numerically efficient subsystems or procedures. This approach corresponds to new trends in the 
computational structures technology where various hybrid systems with neural parts are pointed 
out as very promising prospects [7]. 

In hybrid FEM/ ANN programs feed-forward, multilayer and error back-propagation neural net
works (called BPNN in [13, 16, 17]) are applied. BPNNs are usually used at the Gauss points for 
the implicit modelling of material equations. cf. e.g. [3, 4, 8]. 

In the papers [5, 10] a recurrent network was applied in the interface zone. In this concept 
the Hopfield- Tank network (HTNN) was applied for modelling unilateral constraints using the 
Panagiotopoulos approach [13]. In this approach, called PA for short, HTNN evolutionary equations 
are transformed to a set of ordinary differential equations which formulate the FEM as an initial 
value problem. This idea can be expressed as the application of HTNN analog in FEM. 

PA was successfully applied to the analysis of problems with unilateral constraints related to 
fracture mechanics [5, 10], analysis of elastoplastic frames [1], delamination of composites [6] and 
identification of yield surfaces [11]. 

In case of linear elastic problems the parameters of HTNN analog are computed only once, i.e. 
at the beginning of computations when FEM quantities are formulated. Even in the analysis of 
simple cases the increase of numerical efficiency of PA needs a number of modifications which were 
discussed in [15]. 
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4. The paper is the next step ofresearch reported in [8] . The results of extended numerical analysis , 
discussed in Section 3.3, indicate future research on applications of Panagiotopoulos' approach 
to the analysis of elastoplastic problems with unilateral constraints. 

5. The analysis of a strip with a frictionless contact zone confirms the advantages of the modified 
Panagiotopoulos approach to the analysis of contact of elastoplastic bodies . These problems are 
one of more complex problems of FE analysis [18]. The approach related to the application of 
HTNN analog opens the door also to the analysis of friction contact problems [9] . 
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