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Abstract: The goal of this research is to carry out a 3-dimensional finite detail approach evaluation of 

a composite plate cracked under thermal loading. The results of the mechanical properties of the 

composite, the orientation angle of the fibers, the geometric form of the plate, the thermal loading and 

the crack length had been studied to show their influence on the variation of the integral J. It is concluded 

that the integral J increases with the increase of crack size, temperature variation and reduce in fiber 

orientation perspective (θ). To complete the work a probabilistic analysis was carried out. 
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1. Introduction 
Composite materials are used an increasing number of regularly for the manufacturing of structural 

parts. Despite being anisotropic and heterogeneous, their unique mechanical properties certainly make 

it feasible to lighten structures, mainly while they may be added into enterprise sectors such as 

aeronautics, automotive and sport. Thus, the three main classes of composite materials, with ceramic, 

metal and polymer matrices, are experiencing sustained development [1-6]. A composite fabric includes 

a matrix and a reinforcement, made from fibers and fillers. The matrix is itself composed of a resin 

(polyester, epoxy, etc.) and fillers the cause of that's to enhance the traits of the resin even as decreasing 

the manufacturing cost. From a mechanical point of view, the resin-fillers aggregate behaves like a 

homogeneous fabric, and the composite is taken into consideration to include a matrix and a 

reinforcement [7-11]. The reinforcement gives the composite fabric with its excessive mechanical 

overall performance, even as the position of the matrix is to transmit external mechanical stresses to the 

fibers and to defend the fibers in opposition to external aggressions. The kind of matrix-reinforcement 

affiliation relies upon on the limitations imposed at the designer, together with excessive mechanical 

traits, temperature resistance, cost, corrosion resistance, etc. [12-15]. The look of cracks and their 

propagation is one of the essential dangers of industrial structures. The geometrical discontinuity which 

constitutes the crack can, under certain conditions of loading, result in a disastrous leak wherein even 

the entire spoil of the shape. Researchers on the flip of the century attempted to recognize how a crack 

ought to result in the spoil of structures. The project isn't smooth due to the fact the cracks lead, in theory, 

to a mathematical singularity [16-18]. The goal of this research is to take a look at the overall 

performance of composite plates through a 3-dimensional evaluation through the finite detail approach 

turned into used to gain this goal. The assessment is made at the evolution of the quintessential J on the 

crack head of the plates [19]. We will spotlight the advantages and disadvantages of the different 

approaches, in addition to their interest for our study. And to finish the take a look at a probabilistic 

evaluation of the failure of the shape turned into carried out [20]. 

 

2.Materials and methods 
2.1. Geometric pattern 

The geometric version of the cracked composite plate is shown in Figure 1. The rectangular plate is 

characterized by its dimensions, its height H = 80 mm, its width W = 80 mm and its thickness e = 3 mm, 

containing a central crack of length (a) which varies from 5mm up to 20mm. The structure made up of 

the composite plate is stressed by a thermal loading ΔT = 100°C. 
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Figure 1. Descriptive model of the studied geometry 

 

 
Figure 2. Descriptive model of four different angles studied 

 

2.2. Mechanical characteristics 

The mechanical characteristics of the plate are grouped together in Table 1. 

 

Table 1. Mechanical properties of different materials 
 Boron / Epoxy Glass / Epoxy Graphite / Epoxy 

E1 (GPa) 200 50 127.5 

E2 (GPa) 19.6 25 9.00 

E3 (GPa) 19.6 25 4.80 

υ12 0.3 0.21 0.342 

υ13 0.28 0.21 0.342 

υ23 0.28 0.21 0.38 

G12 (GPa) 7.2 7.2 4.8 

G13 (GPa) 5.5 5.5 4.8 

G23 (GPa) 5.5 5.5 2.55 

α12 (10-6 C°) 4.5 5.5 -1.2 

α13 (10-6 C°) 23 15 34 

α23(10-6 C°) 23 15 34 

 

2.3. Conditions to the limits 

The boundary situations of fixation, subordinate to the situations of symmetry of the geometry, have 

been added withinside the preliminary phase. These conditions are represented as follows in 3D: Axis-

symmetries compared to Y. (U1 = U3 = 0; UR2 = 0). 

 

2.4. Finite element method 

One of the troubles with inside the modeling of cracked systems is the geometrical description of the 

crack. Within the framework of the finite detail method, it is described explicitly and paperwork a 

necessary a part of the borders of the mesh. Within the framework of this study, and for motives of 

symmetry most effective the sector of the shape is considered and is modeled via way of means of linear 
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factors bricks with eight nodes. The mesh of the specimen used for the 3-dimensional numerical 

evaluation is shown in Figure 3. Therefore, a sophisticated mesh is made across the crack for the 3 plates 

whose crack sizes are equal to 5, 10 and 20 mm. The wide variety of nodes is same to 9422 and the wide 

variety of factors is same to 7632. 

 

 
Figure 3. Mesh used of the structure 

in the vicinity of the crack 

 

3. Results and discussions 
3.1. Effect of composite properties 

With: E' = E in plane stress; E' = E / (1-υ2) in plane strain 

 

 
Figure 4. Variation of the integral J for 4 different fiber angles and  

3 different composites for a rectangular plate relying at the crack size 

 

It may be certainly visible on Figure 4 that Bore / epoxy offers precise overall performance as 

compared to different composites. This form of composite cloth is suggested for its use at some point of 

the restore of systems and for this our look at will encompass Boron / epoxy at some point of the analysis. 

 

3.2. Effect of fiber orientation 

Figure 5 indicates the variant of the integral J for 4 different angles of composite fiber for a 

rectangular plate as a characteristic of crack length. It is apparent that the growth with inside the crack 

length generates an increase in the integral J. It is stated that for the composite of fiber angle θ = 90° / 

0° / 90° / 0° generates a decrease in the value of the integral J of 40% with respect to the composite of 
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fiber angle θ = 45° / 0° / 45° / 0° and of 52% with respect to the composite of fiber angle θ = 30° / 0° / 

30° / 0°. 

 

 
Figure 5. Variation of the critical J for 4 exclusive angles of 

composite fiber for a rectangular plate relying at the crack size 

 

3.3. Effect of fiber orientation 

We can clearly see in Figure 6 that the rectangular form offers proper overall performance as 

compared to the square shape plate due to the fact for a crack length a = 20 mm the distinction is 35% 

and reaches 70% for a trapezoidal form. 

 

 
Figure 6. Variations of the integral J as a function of the crack 

length for different geometric shapes 

 

3.4. Temperature effect 

Figure 7 suggests the variant of the fundamental J in mode I as a characteristic of the crack duration 

for 3 different temperature variations (ΔT = 100, 150, 200°C), for a square shaped plate. The value of 

the integral J is proportional to the crack size and that increasing the temperature variation increases the 

integral J. 
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Figure 7. Variations of the integral J as a function of the crack  

length for three different values of ΔT 

 

3.5. Probabilistic analysis of mechanical failure 

The opportunity of failure is expected through modeling the uncertainties withinside the 

implemented load. The properties of substances and the geometry of systems are taken as random 

variables which might be described mainly through the opportunity distribution functions. We keep in 

mind a shape with mechanical and geometric traits that is subjected to random loads. We denote through 

X a random vector with N dimensions with additives which signify all of the uncertainties withinside 

the gadget and cargo parameters. For example, the viable random additives are: the geometric parameters 

H, W, a, and the mechanical properties E, υ, α. All or a number of those variables may be modeled as 

random variables. Therefore, any applicable reaction to the break, which includes the J (X), ought to be 

evaluated through the opportunity. The density feature is evaluated the use of the Monte-Carlo method. 

The fundamental concept is to take random samples for the enter parameters after which calculate the 

reaction for every pattern through the Monte Carlo method. A statistical evaluation of the reaction units 

is furnished to acquire excessive precision of the results, we executed one hundred and five simulations. 

Figure 8 represents the histograms of (J) acquired through the Monte Carlo simulations. The opportunity 

density feature (pdf) is acquired through becoming the histogram with theoretical fashions from 

determine 7. 

 

 
Figure 8. Histogram and Probability of the density function of J 
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Reliability - primarily based totally layout, the uncertainties are taken into consideration with the aid 

of using thinking about the protection margin (J) (xi) defined in phrases of random variables (xi) which 

outline the uncertainties. The protection margin (J) (xi) is the probabilistic layout rule, which defines the 

protection of the plate with the aid of using the condition (J) (xi)> zero and the failure of the plate with 

the aid of using (J) (xi) <zero. Figures 9a and b represent the probability density of (J) for unique values 

of crack lengths (a). It may be visible that after the pressure is high, the value of the probability density 

of (J) is low. We can see that the margin will increase drastically with the uncertainties associated with 

the duration of the crack, which ends up in a extra chance of failure, ultimately the possibilities of failure 

rely upon the duration of the crack (a). 

 

 
                                            a                                                                         b 

Figure 9. Probability density of the integral J 

a) different values of T for b) different values of crack lengths 

 

 

 

4. Conclusions 
The geometrical discontinuity which constitutes the crack can, under certain conditions of loading, 

cause a disastrous leak in which even the entire destroy of the structure. The goal of our take a look at is 

to spotlight the evaluation of harm to composite plates in addition to the outcomes obtained. The 

outcomes of the evaluation display that: 

-for the composite where the orientation of the fibers is θ = 90° / 0° / 90° / 0° there is a significant 

decrease in the integral J compared to the composite of fiber angle θ = 45° / 0° / 45° / 0° and that of the 

fiber angle θ = 30° / 0° / 30° / 0° thus we can conclude that the angle of the fibers of the composites 

plays a determining role on the resistance and the duration life of structures; 

-square form offers top overall performance as compared to trapezoidal and square form plates; 

-the possibility of structural failure is carefully associated with the crack size (a) and reduces with 

growing load. 
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