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In this paper, we discuss the presence or absence of stress concentration at the center of 
two kinds of heterogeneously dissimilar honeycomb cells under antiplane deformation. 
Determining the presence of stress concentration is necessary to determine the criteria for the 
destruction of structural elements. In the first case, a continuous two-compartment cell is 
considered, for which the boundary conditions have periodically repeating characteristics. In 
the second case, the heterogeneous cell is assumed to be discontinuous, with a cutout of one of 
its quarters, for which the periodic nature of the boundary conditions is violated. Thus, the task 
of investigating heterogeneous cells for the presence or absence of stress concentration at their 
center is reduced to the comparison of stress-strain states in the case of antiplane deformation 
of two differently dissimilar honeycomb cells: honeycomb cells with significantly and slightly 
different physicomechanical characteristics, for which, as it turns out, the picture of the stress 
state near the center is radically different. The study was carried out using modern methods and 
tools of computational mathematics and programming. 
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Introduction. The phenomenon of stress concentration in structural elements is 
the main factor of appearance of cracks, and consequently, acts as the main reason for 
their destruction. Therefore, the problem of minimizing or eliminating of stress 
concentration in general at the design stage, which is called the low-stress effect in 
literature [1], never loses its relevance. 

At the same time, different waveguides, using honeycomb cells are employed as 
insulators from seismic waves for various constructions. Therefore, any theoretical 
investigation of such structures on the stress concentration presence is of great 
practical importance [2  4]. 

Anti-plane deformation within a complete heterogeneous cell. As it is known 
[1], any too-dimensional field of anti-plane deformation is described by Poisson 
differential equation: 
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where  is the displacement function;  the volumetric force and   the shear mo-

dule. In the absence of volumetric force (f = 0), equation (1) in the  polar coordinates 
can be rewritten in the form of the Laplace differential equation: 

  

 

Fig. 1. Complete heterogeneous honeycomb cell 

The problem of a heterogeneous honeycomb cell investigation (Fig. 1), where 
number one and three sub-cells have the same shear module  and number two and 

four sub-cells have , is represented in polar coordinates as follows: 

         
                      (3) 

with the boundary conditions given by 
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The analytical solution of differential equations system (3) by the boundary 
conditions (4)  (7) is represented as 

                                                 (8)                          

By substituting (8) into (3) we obtain an ordinary differential equation system 
ution can be written in the following form: 

                                         (9)   

A new substitution of expressions (8) and (9) into the boundary conditions (4)  
(7) leads to the system of linear equations: 

 

As a result of simplification of the linear equation system (10) we obtain 

 

 

(11) 

where the following designations are assumed: 
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From the condition that the determinant of the algebraic equation system (11) is 
equal to zero, it follows: 

         

(12) 

It is known [1] that among the solutions of the trigonometric equation (12) 
, it means that near point O (Fig. 1), there is a singularity.  

       Anti-plane deformation within an incomplete heterogeneous cell. We consider 
now  the  same  heterogeneous  cell  (Fig. 1),  which is  deprived  of  one of its 
quarters (Fig. 2).  

Fig. 2. An incomplete heterogeneous honeycomb cell 
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This problem is reduced to solving the system of differential equations  

.                    (13) 

With respect to the following boundary conditions: 

   
                            (14)                          
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2                              
(15) 

Following the reasoning made (1)  (12), we finally conclude: 

where 

Numerical analysis and results. Computational detection of singularities at the 
centers of complete and incomplete (Fig. 1 and 2) heterogeneous honeycomb cells is 
an enterprise based on the generalize iteration method [5 - 7] developed from 
publication [8]. This method allows finding any existing solution of the given equation 
in some fixed interval [5].  
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Table 1 
Numerical results obtained for the complete heterogeneous cell (Fig. 1) 

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

 1 1 1 1 1 1 1 1 1 1 

 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

min  1 1 1 1 1 1 1 1 1 1 

 
Table 2 

Numerical results obtained for the incomplete heterogeneous cell (Fig. 2) 

 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

 0.045 0.06 0.096 0.1 0.11 0.11 0.11 0.11 0.11 0.1 

 1.5 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

 0.07 0.04 0.009 0.08 0.3 0.3 0.66 0.7 0.2 0.35 

 
In Tables 1 and 2 are introduced the obtained results of numerical analysis of 

the caracteristic equations (12) and (18) about the presence of singularities at the cen-
ters of cells O (Fig. 1 and 2). As it follows from Table 1, there is no singularity at the 
center O of the heterogeneous complete cell (Fig. 1), whatever the relationship of 

shear modules . On the other hand, there are singularities at point O of the 

heterogeneous incomplete cell (Fig. 2), therefore there is a stress concentration at this 

center O for a large range of variation of modules  and . 

Conclusion. In the article presented, open and closed heterogeneous honey-
comb cells are investigated on the presence and absence of singularities in the case of  
pure shear. By numerical analysis it is proved that in the center of a closed heteroge-
neous honeycomb cell there is no stress concentration, regardless of the constituent 
material shear modules. 
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