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An analysis of the dynamic behaviour of a reinforced concrete beam and a deep beam taking into account 
the physical non-linearities of structural materials is presented in this paper. The modified model of the 
elastic/ visco-perfectly plastic material with regard to delayed yield effect was applied to the reinforcing 
steel. The non-standard model of dynamic deformation was applied to the concrete. The model describes 
the elastic properties until attaining the dynamic strength of concrete, perfectly plastic properties in the 
limited range of deformation, material softening, and smeared cracking or crushing which are concentrated 
in the regions of the tensile or compressive residual stress states. Interaction between the reinforcing steel 
and the concrete is conditioned by the assumption of perfect consistency of displacements of both materials. 
The ratio of this interaction depends on the phase of deformation of the concrete. The method of analysis 
of the structural system was developed using the finite element method. The results of numerical solutions 
are presented. The effectiveness of the method of analysis and computational algorithms for problems of 
numerical simulation of the reinforced concrete beam and the deep beam dynamic behaviour is indicated 
in this paper. 
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1. INTRODUCTION 

There are a few well known papers from the range of modelling of dynamic behaviour of R/ C 
structures in the literature. Nonlinear wave propagation in reinforced concrete structures was studied 
in monograph [18]. Numerical analysis of reinforced beams under impact loads was described in 
paper [8]. Dynamically loaded beams and square plates were analysed in paper [17]. Cantilevers 
and fully clamped beams under impulsive loading ware analysed in paper [10]. Some new solutions 
concerning the dynamic response of plain concrete structures type of dam were proposed in papers 
[11 , 12]. 

The aim of this paper is the analysis of dynamic behaviour of reinforced concrete beams and rein
forced concrete deep beams taking into account the physical non-linearities of structural materials, 
i.e. concrete and reinforcement steel. In order to obtain the solutions to the problem, the consider
ations in the range of the modelling of inelastic material properties and modelling of deformation 
processes of the plane structural element together with the elaboration of numerical solutions were 
carried out. 

The present paper is a further development of the theory presented by the authors in paper [5]. 
Introductory results of the analysis in the range discussed in the present paper were analysed in 
paper [22]. 

Analysis of the deformation processes, which are carried out at high rates, requires taking into 
consideration the dynamic material properties. The modified model of the elastic/ visco-perfectly 
plastic material with regard to the delayed yield effect was applied to the reinforcement steel, [1]. 
The non-standard model of dynamic deformation was applied to the concrete, [21]. The basis of 
this model is the method of determination of the initial dynamic yield surface. For this purpose, 
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plane stress problem. The comparisons of the obtained results emphasise the accuracy of applied 
assumptions and deformation models of concrete and reinforcement steel. 

The applied constitutive models of the materials (especially for the concrete) have the funda
mental influence on the character of the stress distribution. The stress state was illustrated in the 
form of the scheme of the mean normal stress distribution on the surface of the deep beam. The 
final distribution of the stress state of the deep beam indicates the qualitative consistency with the 
failure mechanism observed during the static experiment. 

It is also worth underlining that the dynamic load-carrying capacity for the over-reinforced main 
reinforcing steel deep beams types of LO and FO is less than static one. 
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