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Abstract. The indentation method is able for use in determining the fracture properties of materials. 

In the present work, a source code programme for two-dimensional finite element method has been 

applied to simulate cracking behaviour during indentation on brittle specimens under static loading 

conditions. The study also aims to predict the crack propagation trajectories under Linear Elastic 

Fracture Mechanics (LEFM). The source code is written in FORTRAN language. The FE mesh is 

generated using an advancing front method, where the generation of the background mesh and the 

construction of singular elements are also added to this developed programme to realise the fracture 

analysis. In evaluating the accuracy of the crack path predictions, the results are compared and 

validated with the sets of experimental data of relevant published research work. Upon comparison, 

it is proven that this developed source code programme is capable of demonstrating the crack 

indentation in terms of predicting the crack trajectories as well as the evaluation of the stress 

intensity factors. 

 

Introduction 

Numerical analysis has become a major technique to study the indentation deformation of elasto-

plastic materials [1]. In 2003, Muchtar et al. modelled brittle cracking behaviour under both low 

and high indentation loads using ABAQUS/explicit and elements with cohesive post-failure 

behaviour [2]. Subsequently, a new method was developed to determine the stress intensity factors 

of the indentation problem based on the conservation law [3]. In another work, an indentation 

apparatus was developed to model adjoining Vickers indentations on soda-lime glass [4]. Similarly, 

in order to help understand the indentation process and enhance the accuracy of the analytical and 

numerical methods, a detailed investigation was made on the reliability of finite element 

simulations of sharp indentations on cracked specimens using Vickers, Berkovich and cube-corner 

indenters [5]. The Vickers indentation test on soda-lime glass was used as an example of application 

to evaluate the actual stress intensity factors (SIF) [6]. In the present work, a two-dimensional finite 

element programme capable of predicting the crack indentation trajectory and computing the SIF 

values in the frame of Linear Elastic Fracture Mechanics (LEFM) is developed. The displacement 

extrapolation technique with adaptive mesh finite element method is used. The source code of this 

programme is written by FORTRAN language.  A single brittle specimen is considered in this work 

namely, an alumina rectangular plate. 

 

Finite Element Analysis and Crack Indentation Prediction  

 

In this study, a diamond pyramid indenter was used. The specimen is set to have the following 

properties; the Young`s modulus, E = 392 GPa, Poisson`s ratio, ν = 0.27, and fracture toughness, 

KIc = 4.7 MPa m
1/2

. The geometry of the alumina sample and the final adaptive mesh are illustrated 

in Figs. 1 and 2, respectively. In this section, the numerical results obtained are presented in detail 

and compared with relevant numerical results selected from the literature. The simulation was 
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performed in several crack depths. However, for the purpose of this paper, only the results at crack 

depth of 4 mm are presented. 

 

 
 

Fig. 1 Alumina specimen with dimensions 

 

 
Fig. 2 Alumina specimen with final adaptive mesh 

 

Crack Indentation Evaluation 

 

Vickers indentations in ceramic materials generate surface cracks which are affected by the internal 

stresses after removal of the indentation load. The initial position of the defect must be carefully 

assessed. In fact, the defect must be placed at a given depth under the load. The SIF has the 

following general expression [7]: 
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 Where σ is the contact pressure, a, is the crack length and b, is the extent of loading area. Fig. 3 

shows the trend of the relationship between the nondimensional SIF as a function of the crack 

length normalised with respect to b. 

 

FEM Results and Analysis 

 

The Vickers indenter has been used in this study in order to predict the crack path direction as well 

as to evaluate the stress intensity factors. After the initial unstable propagation, the SIF increased 

with the crack length. However, when the fracture becomes stable, the SIF decreased with the crack 

length, as soon as the stress field around the tip diminishes as shown in Fig. 3. Fig. 4(a) shows a 

distribution of the maximum principal stresses. The total stress in the specimen is given by the 

stresses, and these are due to the indentation of a fully elastic material and the residual stress field 

generated by the plastic deformation zone. At sufficiently high load levels, two perpendicular 

cracks are initiated at the crack tip of the deformation zone as shown in Fig. 4(b), and the 

propagation increased linearly downward to the deepest length of the specimen surface as shown in 

Fig. 5(a). 

 
Figure 3: The relationship between the normalised SIFs (KI) and ratio of a/b 

 

Crack growth was observed to increase even during gradual unloading. Finally, the crack 

propagation ended at the top surface of the specimen, which has produced a lateral crack as 

illustrated in Fig. 5(b). 
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Fig. 4 (a) Maximum principal stress concentrated around the crack tip and (b) initial crack 

indentation  

 

 
 

Fig. 5 (a) Maximum principal stress and crack initiation and (b) final crack trajectory  

 

Figs. 6(a) & 6(b) depict the steps of the crack path trajectory with its final adaptive mesh. Due to 

the compressive stress that occurred underneath the indentation, the crack initially propagated 

downwards from the indentation tip producing a lateral crack as shown in Fig. 6(a). Due to the 

continuous compressive stress that occurred under the Vickers indenter, the crack propagated non-

linearly to the end, producing the final crack path as shown in Fig. 6(b).  
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Fig. 6 Cracking initiation during (a) indentation and (b) final crack  

 

 Upon comparison, it is shown that the crack started initially under the indentation tip upon 

loading of the indentation as shown in Fig. 7(a) [2]. During the unloading stage, the final crack 

shape was produced under the stress distribution as illustrated in Fig. 7(b) [2].  The developed finite 

element programme of the present work shows good agreement with relevant result of previous 

studies.  

    

                
 

Fig. 7 Maximum principal stress of alumina specimen at (a) loading and (b) at unloading [2] 

 

Conclusion  

 

The indentation process has been simulated using a finite element model. The crack propagation 

underneath the indentation and the development of the stress intensity factors along the crack length 

has been predicted.  There is clear indication that the cracks tend to occur only when the indentation 

load is high and not otherwise. This is due to the evolution of the compressive stresses, providing 

the force for the propagation of the crack. Therefore, when the loading decreased gradually, the 

crack propagation changed the direction non-linearly to form a lateral crack. The finite element 

method offers a theoretical approach to study the crack propagation beneath the indentation 

primarily for brittle solid materials. 

 

 

 

 

 

 

 

a b 

a b 

164 Fracture and Strength of Solids VII

http://www.scientific.net/feedback/92998
http://www.scientific.net/feedback/92998


References  

 

[1] F.Q. Yang and A. Saran: J. Mater. Sci. Lett. Vol. 41 (2006), p. 6077 

[2] A. Muchtar, LC. Lim and KH. Lee: J. of Mater Sci., Vol.38 (2003), p. 235 

[3]  Y.J. Xie, K.Y. Lee, X.Z. Hu and Y.M. Cai: Engineering Fracture Mechanics. Vol. 76 (2009), 

p. 949 

[4] B. Zheng, M. Yoshika and S. Hira: Journal of Materials Processing Technology Vol. 208 

(2008), p. 171 

[5] L. Alessandro, F. Furgiuele, R. Wood and S. Syngellakis: Engineering Fracture Mechanics, 

Vol. 77 (2009), p. 264 

[6]  T. Fett, N. Kounga and  J. Rodel: Engineering Fracture Mechanics Vol. 72 (2005), p. 647 

[7]  A. Carpinteri, B. Chiaia and S. Invernizzi: Engineering Fracture Mechanics Vol. 71 (2004), p. 

567   

Key Engineering Materials Vols. 462-463 165

http://www.scientific.net/feedback/92998
http://www.scientific.net/feedback/92998


Fracture and Strength of Solids VII 
doi:10.4028/www.scientific.net/KEM.462-463 
 
Finite Element Analysis of Indentation Cracks for Brittle Materials under Static
Loading 
doi:10.4028/www.scientific.net/KEM.462-463.160

http://www.scientific.net/feedback/92998
http://www.scientific.net/feedback/92998

