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1. Introduction  

The barium titanate (BaTiO3) compound is the most intensively studied perovskite material 
due to its wide use in the ceramics industry [1, 2]. Barium titanate is also a useful and 
technologically important material owing to its ferroelectric behaviour at and above room 
temperature [1]. Barium titanate is widely used in electronic devices, such as multilayer ceramic 
capacitors, tunable filters and piezoelectric sensors due to its high chemical and mechanical stability 
[3].  

Over the past decades numerical simulation of fracture in piezoelectric ceramics has primarily 
been based on linear elastic fracture mechanics models [4, 5]. The use of either impermeable or 
permeable boundary conditions has been studied extensively [6]. A partition of unity-based 
multiscale approach for modeling fracture in piezoelectric ceramics.  

Boundary element method (BEM) is a general numerical method for solving boundary-value 
or initial-value problems formulated by using of the Boundary Integral Equation (BIE) [7]. The 
dimension reduction in BIE formulations makes the BEM mesh much easier to generate for three 
dimensional problems or infinite domain problems. The boundary element method has a number of 
advantages relative to finite difference method and finite element method, such as requiring only 
surface discretizations and exactly treating boundary conditions at infinity [8]. However, it suffers 
from well-known drawbacks with regard to the computational efficiency, since the conventional 
BEM leads to a linear system of equations with dense coefficient matrix [7, 9]. Besides, the BEM is 
a semi-analytical method and thus is more accurate, especially for stress concentration problems 
such as fracture of structures and can be applied along with the other domain-based methods to 
verify the solutions to a problem for which no analytical solution is available [7]. 

2. Methods 

The paper presents an effective implementation of boundary element multiscale method in 
analyzing of piezoelectric ceramics. The method is applied based on constitutive equations and 
numerical modeling. This method can be easily used to get a better understanding of damage 
mechanism in the ceramic materials in order to improve the constitutive models and to support the 
future design of those materials. 

 
In this equation the relation of boundary element method for obtaining traction is presented. 

This equation must be integrated over segments of boundary (Fig. 1). 
 

j
m 0 jlm 0 j m 0 jlm 0 m 0 jlm 0 j

S S Γ

j
m 0 jlm 0 l 0 0

Γ

u (z)
n (z ) D (z,z )t (z)ds(z) n (z ) W (z,z ) ds(z) n (z ) D (z,z )Σt (z)ds(z)

s(z)

Δu (z) 1
n (z ) W (z,z ) ds(z)  (t (z )   z S

s(z) 2

∂
− +

∂
∂

− = ∈
∂

∫ ∫ ∫

∫
 

 



 
Fig 1. Discritized boundary on the element and crack surface. 

3. Results 

In this study, a multiscale method via boundary element method was introduced. Then bridges 
meso-scale to macro-scale by a damage parameter was performed. This method was applied on 
piezoelectric ceramics. 

4. References 

 
[1] A.C. Roy and D. Mohanta (2009). Structural and ferroelectric properties of solid-state derived 

carbonate-free barium titanate (BaTiO3) nanoscale particles, Scr. Mater., 61, 891–894. 
[2] M.M. Vijatović, J.D. Bobić and B.D. Stojanović (2008). History and challenges of barium 

titanate: Part II, Sci. Sinter., 40, 235–244. 
[3] Y. Iqbal, A. Jamal, R. Ullah, M.N. Khan and R. Ubic (2012).  Effect of fluxing additive on 

sintering temperature, microstructure and properties of BaTiO3, Bull. Mater. Sci., 35, 387–
394. 

[4] H.A. Sosa (1992). On the fracture mechanics of piezoelectric solids, In. J. Solids Struct., 29, 
2613–2622. 

[5] C.C. Fulton and H.J. Gao (1997). Electrical nonlinearity in fracture of piezoelectric ceramics, 
Appl. Mech. Rev., 50, S56–S63. 

[6] C.V. Verhosel, J.J.C. Remmers and M.A. Gutierrez (2009). A partition of unity-based 
multiscale approach for modeling fracture in piezoelectric ceramics, Int. J. Num. Meth. Eng., 
82, 966–994. 

[7] A.H.Z. Nor, I. Munira, A.I.Z. Nor and S.H. Yeak (2016). Multiscale boundary element 
method for Laplace equation, J. Teknologi, 78, 83–88. 

[8] M.D. Altman, J.P. Bardhan, B. Tidor and J.K. White (2006) FFTSVD: A fast multiscale 
boundary element method solver suitable for Bio-MEMS and niomolecule simulation, [in:] K. 
Chakrabarty and J. Zeng (eds.) Design Automation Methods and Tools for Microfluidics-
based Biochips. Springer, Dordrecht, 143-168. 

[9] Y. Liu (2009). Fast Multipole Boundary Element Method – Theory and Applications in 
Engineering. Cambridge University Press, New York, 17–46. 

 
Acknowledgement 
 
The research leading to these results has received funding from the People Programme (Marie Curie 
Actions) of the European Union's Seventh Framework Programme FP7/2007-2013/ under REA 
grant agreement No. PITN-GA-2013- 606878. 
 


