
INTERACTION BETWEEN INCLUSIONS AND CRACKS IN SMART 

COMPOSITES 

Chyanbin Hwu
1
, Wei-Ren Chen

1
,Ting-Hsiang Lo

1
  

1
 Institute of Aeronautics and Astronautics, National Cheng Kung University, Tainan, TAIWAN, R.O.C.

 

e-mail: CHwu@mail.ncku.edu.tw  

 

1. Introduction 
 

Due to the ability of converting energy from one form (among mechanical, electric, and magnetic energies) 

to the other, piezoelectric and magneto-electro-elastic (MEE) materials are widely used as sensors and 

actuators in intelligent advanced structure design. Owing to the designable characteristics of composite 

laminates, a smart system constructed by composites with piezoelectric/MEE sensors and actuators is a 

common practical engineering design. If we treat sensors/actuators as inclusions, fracture analysis of such 

smart system can be studied via interaction between inclusions and cracks. With the nature of anisotropy, 

composite materials are usually modeled as anisotropic elastic solids. Thus, the simultaneous existence of 

anisotropic elastic, piezoelectric and MEE materials in the problems of inclusions and cracks is unavoidable.  

 

In the literature, most of the inclusion problems were considered for a specific material type such as isotropic, 

anisotropic, piezoelectric, or MEE materials. Due to the difference of their mechanical behaviors, several 

different mathematical models and solution methods have been proposed. Thus, it is difficult to combine 

them together to deal with the possible situation that different types of materials appear simultaneously in the 

same structure. Among all the different methods, the Stroh formalism for two-dimensional anisotropic 

elasticity has been proved to preserve the same mathematical expressions for anisotropic, piezoelectric and 

MEE materials. By using Stroh formalism, some analytical solutions related to the inclusions, holes, or 

cracks in the piezoelectric or MEE materials have been shown to have the same mathematical matrix forms 

as their corresponding problems with anisotropic elastic materials [1]. 

 

If more than one inclusion is considered, the possibility of simultaneous existence of anisotropic, 

piezoelectric and MEE materials is raised. Although there are many studies on the problems with multiple 

inclusions, most of them still focus on a specific kind of materials. Similar situation occurs for the studies of 

interaction between inclusion and dislocation/crack/hole. With the special feature of preserving the same 

solution form by Stroh formalism, in this paper we develop an adaptable adjustment technique and apply it to 

the dislocation superimposed method (DSM) [2] and the boundary-based finite element method (BFEM) [3] 

to deal with fracture analysis of composites in which the piezoelectric and MEE inclusions may exist 

simultaneously. The proposed technique intends to adjust the matrix dimension of Stroh formalism to include 

the piezoelectric and/or magnetic effects from the ordinary elasticity matrices according to the real situation 

of the inclusion problem. To show the correctness of the proposed method, several examples are 

implemented by using the extended DSM or BFEM, and compared with the solutions calculated by the 

commercial finite element software ANSYS. Since ANSYS does not provide the function for the general 

MEE materials, for the purpose of comparison with ANSYS only special cases of MEE such as piezoelectric 

or piezomagnetic are calculated. The general cases of MEE are verified by the comparison between DSM 

and BFEM provided in this paper, or through its mechanical behavior. 

 
2. Numerical examples 
 

In order to study the interaction between an elliptical inclusion and a crack, we consider a fiber-reinforced 

composite with an elliptical MEE inclusion and an inclined crack subjected to a uniform tension 

22 1MPa   at infinity (Figure 1) . The properties of composites are 

1 2 12 12181GPa,  10.3GPa,  7.17GPa,  0.28,E E G      

where the symbols E, G and   denote, respectively, Young’s modulus, shear modulus and Poisson’s ratio, 

and the subscripts 1 and 2 denote, respectively, the fiber direction and the direction transverse to the fiber. 
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The MEE inclusion is made by mixing the fiber-reinforced composite with piezoelectric BaTiO3 and 

piezomagnetic CoFe2O4, whose properties are 
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in which ,ijC ,ije ,jk ,ijq ,ijm and ij  are, respectively, the elastic constants, piezoelectric stress constants, 

dielectric permittivity constants, piezomagnetic constant, magneto-electric constant and permeability 

constant. Table 1 shows the normalized stress intensity factors, 0/IK   l  and 0/IIK   l  where 

0 22   , of the crack tip A (Figure 1) with various d and c . From Table 1 we see that the results obtained 

by DSM and BFEM are quite close to each other. When the distance between inclusion and crack is larger, 

the values of stress intensity factors go to the ones for a crack in a homogeneous material, which are 
2

0 cosI cK    l  and 0 sin cosII c cK     l . Moreover, the stress intensity factors decrease when 

the crack is closer to the inclusion (see for example the variation of KI with d when 0o

c  ). It is now not 

easy to judge the consistency with the conclusion made for isotropic materials [4] – the presence of 

harder/softer inclusions will reduce/enhance the stress intensity of the crack. Thus, further examples and 

studies are necessary for smart composites.  
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Figure 1. An infinite plate with an elliptical            Table1. Stress intensity factor of crack tip A 

inclusion and a crack under uniform load           

at infinity. (a=2 m, b=1 m, l =1 m) 
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6 

0 0.9985 0.9974 0 0 

45 0.4969 0.4970 0.5014 0.5003 

60 0.2463 0.2469 0.4341 0.4331 

 

4 

0 0.9962 0.9950 0 0 

45 0.4933 0.4933 0.5025 0.5012 

60 0.2425 0.2430 0.4348 0.4336 

 

2 

 

 

0 0.9814 0.9797 0 0 

45 0.4801 0.4766 0.5011 0.5017 

60 0.2322 0.2313 0.4332 0.4310 
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