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Abstract: The aims of this study present a three-dimensional finite 

element method for the analysis of fractures in a mixed mode of two 

materials the Functionally Graded (FGM) and the composite 

materials. The modeling was carried out on a hull containing an 

inclined crack, provided by a fine mesh around these crack points due 

to singular elements. The structure is examined under the effect of 

transient thermal stresses. The singularity of the deformations around 

the crack front is simulated by singular elements. The stress intensity 

factors of modes I, II are calculated by applying the displacement 

extrapolation technique (DET) and presented as a function of time. The 

different types of FGM are examined in parametric analyzes which are 

rich in metals, rich in ceramics. The results provided illustrate the 

influences of the inclination angle of the cracks on the transient 

behavior of the stress intensity factors in mixed mode. The mechanical 

behavior of this material has been described by the exponential 

function The numerical evaluation of this factor is determined using 

the Numerical code. 

Key Words: 
FGM 

DCT 

Stress Intensity Factor 

Inclined Crack  

Buckling  

 

 
 
 

. 

 
 

 

I. Introduction  

 

The transition from metallic materials to 

composite materials entails significant costs, but 

it is in fact a medium and long-term investment. 

The in-homogeneity and anisotropy of composite 

materials make their damage mechanisms more 

numerous and more complex. Within a composite 

structure, we can see a damage consisting of 

micro- décohesions and micro-cracks, breaks in 

folds, fractures of fibers and dies, décohesion of 

the interface [17]. Composite materials are as 

their name suggests, consisting of various 

materials, each with specific properties and 

functions. Generally, a composite comprises a 

matrix (resin) in which a reinforcement (fibers) is 

dispensed in order to improve the properties of 

the product. 

Functionally Graded Materials (FGM) or 

functionally graded materials are a new class of 

composite materials whose microstructure and 

composition very gradually and continuously 

with the position to optimize the mechanical and 

thermal performance of the structure that 'they 

constitute. They are considered as intelligent 

materials whose desired functions are integrated, 

from the design, at the very heart of the material. 

At each interface, the material is chosen 

according to specific applications and 

environmental loads. These materials have 

multiple advantages which can make them 

attractive from their application potential. It can 

be an improvement in rigidity, resistance to 

fatigue, resistance to corrosion or thermal 

conductivity. The original idea of the concept of 

FGM materials was proposed in 1984 by 

Japanese researchers, for the preparation of new 

materials in the construction of the thermal 

barrier [1]. This technology solves the problem of 
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the interface between two materials by 

eliminating discontinuities and improves 

resistance to delamination and crack propagation 

[2]. 

The use of this type of material in space structures 

and fusion reactors subjected to severe thermal 

loads which can lead to the engagement of 

structural components [3]. The increased use of 

advanced materials in structural elements has 

aroused the interest of researchers for the study of 

the response of FGM plates used in fields with 

high mechanical and thermal stresses. 

The study of crack behavior is a fundamental axis 

in the study of the lifetime of a structure. It is 

based on the principles of fracture mechanics, in 

particular by calculating the stress intensity 

factor. In recent years a lot of research has been 

devoted to analyzing the static and dynamic 

behavior of different structural elements, such as 

thin plates, pipes, FGM beams under mechanical 

loading, as well as thermal loads. For functionally 

graduated materials, analytical solutions to study 

the behavior of cracks are limited to relatively 

simple geometries and also to loading conditions. 

The first analytical model was proposed by 

Erdogan et al. [4] to describe the behavior of 

cracks of FGM plates, they treated the problem of 

plane elasticity for two glued half-planes 

containing a crack perpendicular to the interface 

and to identify the effect of variation of properties 

of materials near the plane of diffusion on the 

stress intensity factor. Rousseau et al. [5]. Several 

numerical methods have been proposed to 

evaluate the state of stresses in the vicinity of 

crack, among which, one finds the   method   of 

the   finite   elements which 

becomes an essential tool to analyze the behavior 

of cracks. Ozturk and Erdogan [6] have 

examined the problem of symmetric cracking in 

FGM materials for which they have assumed that 

the properties of the medium vary in one direction 

and symmetrical in the other direction solicited in 

mixed mode. The study is based on the 

determination of the stress intensity factors FIC 

by the method of extrapolation of the 

displacement DET. The effect of non- 

homogeneity on the numerical computation of J- 

integral was also studied in this research. Paneda 

et al. [9], based on the exponential law which 

describes the continuous variation of FGM 

material by the integration of subroutines written 

in FORTRAN for the analysis of the stress field 

near the crack. R.J.Butcher [10] used optical 

measurements to know the parameters of the 

rupture of the behavior at the tip of a crack in 

functionally graduated materials and these 

results are also compared with numerical 

calculations by finite elements. Sevcıka et al. 

[11] have developed an FE model, using the 

power law to study the influence of the material 

distribution of the FGM layer on the variation of 

the stress intensity factor in mode I. 

In this work, we will focus on determining the 

intensity factor of mixed-mode stress and 

buckling factor in the case of a central crack 

supposedly initiated in a composite cylinder, 

stressed at uni-axial loading. These numerical 

calculations are done using the finite element 

method using the numerical code. The evolution 

of the FIC is based on the displacement 

extrapolation method 

 

II. Materials and methods 

 

   II.1. Stress Intensity Factors 

Within the framework of the linear fracture 

mechanics, the stress intensity factors for the case 

of homogeneous materials can calculate from 

several techniques (integral method J [12]; 

method of a virtual extension of the crack [13]; 

displacement correlation method [14]; 

displacement extrapolation method [7]). In this 

numerical study, we used the last technique to 

determine the stress intensity factors KI and KII 

in the case of FGMs materials. In this case, the 

factors KI and KII can be calculated from the 

relations [7]: 

 

   
 

 
],

2
4[

2

113

ec
db

tiptip

tip

I

vv
vv

Lk

E
K










                                           

 

   
 

 
),

2
4(

2

113

ec

db

tiptip

tip

II

uu
uu

Lk

E
K










                                         

 

 

 

Where: 

Etip is Young's module 

νtip is the Poisson coefficient. 

These parameters are calculated with the point of 

the crack. 

.K is stress intensity factors MPa √𝑚 

a, b, c and d represent the position 

of the nodes around the point of 

crack (figure 1). 

L is the length of the singular element. 

u and v are respectively the displacements 

according to the directions x and y (figure 1). 

In linear elasticity, the parameter k is defined by:  

 

𝑘𝑡𝑖𝑝 = {
3−𝜗

 
𝑡𝑖𝑝

1+𝜗 
𝑡𝑖𝑝

        in plane stress

3 − 4
  𝜗 

𝑡𝑖𝑝

     
in plane deformation

(3) 
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Figure 1. Singular elements with knots at the 

quarter of the sides. 

 

 

II.2. The stress – strain relationships 

The stress – strain relationships are given by the 

material low [16] : 
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III. Results and discussion 

III.1. Influence of the fold orientation on 

the buckling parameter 

III.1. 1. Geometrical model 

 

In this study, we consider a hull of length H = 

3000mm and diameter d = 1000mm. The ratio of the 

shell is H / d = 3 and the total thickness is e = 2.4mm. 

The plate consists of twelve folds, each of which is 

0.2mm thick. The layers are crossed in an orderly 

fashion at an angle  and - respectively (Figure 2). 

The hull is considered as biased in axial compression 

in the vertical direction. We used the finite element 

analyze and quadrilateral elements with a refined 

and structured mesh near the crack. The resolution 

was made in the state of aircraft constraints. The 

plate is embedded in the lower part and in the upper 

part, only the displacement u2 is free. 

 

 

 

III.1.2. Mechanical properties of the hull 

Table 1. Mechanical characteristics of 

carbon/epoxy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Orientation of the folds in the laminated 

plate 
 
III.2. Effect of inclined crack 

 

The aim of this work is to have a comparative state 

between the behavior of a crack at the level of a 

composite material and a functionally graduated 

material. 

 

III.2.1. The behavior of a crack in a composite 

material 

 

In Figures 3,4 and 5 we illustrate the evolution of the 

buckling parameter as a function of the orientation 

angle of the folds of the composite material in the 

presence of the crack inclined with respect to the 

horizontal at 10 °respectively. The size of the crack 

considered is 20mm. Figures (3 and 4) show an 

alternation between the value of  between a 

maximum and a minimum value between 45 ° - 60 

° and 10 ° - 30 ° respectively. 

When the crack is inclined, we observe that the 

results represented on the Fig 3,4and Fig 5 is 

identical following the weak value of the angle 

which is 10°. 
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Figure 3. Variation of the buckling parameter of 

the inclined crack (=10°) depending on the 

orientation of the folds 

 

 
Figure 4. Variation of the buckling parameter of 

the inclined crack ( = 30 °) depending on the 

orientation of the folds 

 

 
 

Figure 5. Variation of the buckling parameter of 

the inclined crack (=45°) depending on the 

orientation of the folds. 

 
 

 

 
Figure 6. Variation of the buckling parameter 

of the inclined crack ( = 60 °) depending on 

the orientation of the folds. 
 

III.2.2. The behavior of a crack in a Functionally 

Graded Materials 

In Figures 7,8 we observed that the increase in the 

stress intensity factor KI is proportional to the 

length of the crack as an exponential figure. 

In the Figure.9 represents the distribution of the 

dimensionless radial stress σrr / Pi, according to the 

radius through the wall of the cylinder for different 

values of the parameter of inhomogeneity β = [- 2, 

−1,0,1,2]. 

For negative values of β, the radial stress is greater, 

while for positive values of β, the stress is weaker. 

We present the variation of the stress intensity factor 

as a function of a / c in Figure.10. 

 

 

 
 

Figure 7. Variation of KI depending on the 

inclined angles in comparison with two method 

DET and DCT charge(Q=50) 
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Figure 8. Variation of KI depending on the 

inclined angles in comparison with two method 

DET and DCT charge(Q=150) 

 

 
 

Figure 9. Distribution of circumferential stress 

across the wall of the pressurized cylinder. 

 

 
 
Figure 10. Variation of the stress intensity factor as 

a function of a / c 

 

IV. Conclusion 

The objective of the study is to determine the effect 

of the fibers (folds) orientation on the buckling 

parameter factor  evolution, the effect of the 

inclined crack in the middle of the circular hull. 

geometric effect and the position of the crack. 

We had observed that when one is in the edge of 

shell the behavior of the crack changes 

The displacement extrapolation (DET) technique 

has been successfully implemented in the finite 

element code, using the ANSYS Parametric Design 

Language (APDL) scripting language. This 

characterization can be very interesting to simulate 

the propagation of cracks in materials with a 

functional gradient. 

In the future work, we will analyze the variation the 

stress intensity factor with the J-integral. 

 

Acknowledgements 

We thank the Director of the laboratory of numerical 

and experimental modeling of mechanical 

phenomena (LMNEPM) of Mostaganem University 

and the Laboratory of Reactive Materials and 

Systems (LMSR) of Sidi Bel Abbès University They 

made available to us the resources of the computer 

station allowing us to carry out this work. 

 

V. References 

 
1. Anlas, G.; Santare, M.H.; Lambros, J. Numerical 

calculation of stress intensity factors in functionally 

graded materials. International Journal of Fracture 

104(2) (2000) 131–143.  

2. Shiota, I.; Miyamoto, Y. Functionally graded 

materials. ELSEVIER SCIENCE B.V (1997). 

3. Butcher, R.J.; Roussev, C-E. A functionally graded 
particulate composite, Preparation, measurements 

and failure analysis Vol. 47(1999) pp.259-268. 

4. Erdogan, F.; Kaya, A. C.; Joseph, P. F. The crack 

problem in bonded nonhomogeneous materials. 

Applied mechanics transaction Journal of ASME vol. 

58(1991) pp. 410-416,06. 

5. Rousseau, C.-E.; Tippur, H. V. Evaluation of crack 
tip fields and stress intensity factors in functionally 

graded elastic materials: cracks parallel to elastic 

gradient International Journal of Fracture 

114(2002)87- 112. 

6. Ozturk, M.; Erdogan. Mode I crack problem in an 

inhomogeneous orthotropic medium”. 

International Journal of Engineering Science 

35(1997) pp.869-883. pp. 438–443. 

7. Alshoaibi Abdulnaser, M.; Ariffin, Ahmad Kamal.   
Finite element simulation of stress intensity factors in 

elastic-plastic crack growth. Universiiy Kebangsaan 

Malaysia. Journal Zhejiang Univ SCIENCE A ISSN 

(2006) 1862-1775. 

8. Martınez-Paneda, E.; Gallego, R.  Numerical analysis 
ofquasi-static fracture in functionally graded 

materials'' International Journal of Mechanics and 

Materials in Design 11:405–42. (2011). 

9. Butcher, R.J.; Roussev, C-E. A functionally graded 

particulate composite, Preparation, measurements 

https://www.researchgate.net/journal/1573-8841_International_Journal_of_Mechanics_and_Materials_in_Design
https://www.researchgate.net/journal/1573-8841_International_Journal_of_Mechanics_and_Materials_in_Design


I. Hebbar and al 

Copyright © 2022, Algerian Journal of Environmental Science and Technology, All rights reserved 

2255 

 

and failure analysis Vol. 47(1999) pp.259-268. 

10. Sevcıka, M.; Hutara, b, P.; Nahlıka, L.; Knesla, b, Z. 

An evaluation of the stress intensity factor in 

functionally graded materials Applied and 

Computational Mechanics. 3(2009).401–410 . 

11. Rice, J. R.  "A Path Independent Integral and the 
Approximate Analysis of Strain Concentration by 

Notches and Cracks", Journal of Applied Mechanics, 

35, 1968, pp. 37986. 

12. Lin, S. C.; Abel, J. E. Variational Approach for a New 

Direct Integration Form of the Virtual Crack 

Extension Method. International Journal for 

Numerical Methods in Engineering, Vol. 38. 1988. 

pp. 217-235. 

13. Pengcheng, Fu.; Scott, M.; Johnson. Randolph, R.; 
Settgast. Charles, R.; Carrigan. Generalized 

displacement correlation method for estimating stress 

intensity factors, Engineering Fracture Mechanics 88 

(2012) 90–107correlation method for estimating 

stress intensity factors, Engineering Fracture 

Mechanics 88 (2012) 90–107 

14. Jeong-Ho, Kim.; Glaucio, H. Paulino, the interaction 

integral for fracture of orthotropic functionally 

graded materials: evaluation of stress intensity 

factors, International Journal of Solids and 

Structures 40 (2003) 3967–4001  

15. Glossaire des matériaux composites- Carma- 

Actualisation octobre 2006. 

16. Bhagwan, D.; Agarwal Lawrence, J.; Broutman and 

Chandrashekhara, K. Analysis and Performance of 

Fiber Composites. Wiley, USA, 3rd Edition, 2006. 

17. Xuegang, J.; Yuyan, L.; Lan, L. Analysis of 

Mechanical Properties of carbon /Epoxy composites 

in the near critical Water decomposition. 

Misericordia University, Dallas (2013) PA 18612 

USA 

18. Geir Skeie.Forelesningsnotat i MEK4560 

Elementmetoden i Faststoff mekanikk UiO, Oslo. 

(2007) 

19. Boulenouar A.; Benseddiq, N.;  Mazari, M. Strain 

energy density prediction of crack propagation for 2D 

linear elastic materials, Theoretical and Applied 

Fracture Mechanics, 67-68 (2013) 29-37. 

20. Hebbar, I. Effect Of Inclined Cracks On The 

Buckling And Fracture Behavior Of Composite 

Materials, 4th International Symposium on Materials 

and Sustainable Development ISMSD2019, 

Boumerdes – Algeria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please cite this Article as: 
Hebbar, I.; Boulenoaur, A.; Ouinas, D.; Hebbar, A. The analysis of the behavior crack in different      
materials, Algerian J. Env. Sc. Technology, 8:1 (2022) 2250-2255 

 

 

http://esag.harvard.edu/rice/015_Rice_PathIndepInt_JAM68.pdf
http://esag.harvard.edu/rice/015_Rice_PathIndepInt_JAM68.pdf
http://esag.harvard.edu/rice/015_Rice_PathIndepInt_JAM68.pdf
http://esag.harvard.edu/rice/015_Rice_PathIndepInt_JAM68.pdf
http://esag.harvard.edu/rice/015_Rice_PathIndepInt_JAM68.pdf

