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 Abstract- In this paper, the analysis of the behavior of surface cracks in finite-thickness plates repaired 

with bonded composite patch subjected to traction effect is performed using three-dimensional finite 

element methods. The stress intensity factor at the crack-front was used as the fracture criteria.  The 

stress intensities at the internal and external positions of repaired surface crack were compared. The 

effects of the mechanical and geometrical properties of the adhesive layer and the composite patch on 

the variation of the stress intensity factor at the crack-front were analyzed. The obtained results show 

that the presence of the bonded composite repair reduces significantly the stress intensity factor, which 

can improve the life span of the structure.  
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I.Introduction 
Externally bonded composite patches have 

proved to be an effective method of repairing 

cracks or defects in aircraft structures.  

Considerable  researches  have  been  performed  

to  develop  the  technology  of  bonded 

composite  repairs  in  aircraft  structures.  Alan 

Baker pioneered these researches at the 

aeronautical and maritime research laboratory 

for the Royal Australian Air force [1–7]. 

However, the most of these studies has been 

based on simple analysis, experiment or 

experiences and are limited to the case of mode 

I opening of the crack. With increase in 

computational power, attempts have started in 

the direction of numerical modelling for better 

understanding of repair effectiveness and 

improved repair design. 

 The bonded patch offers many advantages  over  

a  mechanically  fastened  doubler,  which  

include  improved  fatigue  behaviour, reduced 

corrosion  and  easy  conformance  to  complex  

aerodynamic  contours  [1,2] 
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The  determination  of  the  stress intensity  

factors  at  the  crack  tip  is  one  of  the  

possible  means  to analyse  the  performance  

of  the  bonded composite repairs. It is known 

that the finite element method gives, with a 

great accuracy, the stress intensity factors at the 

crack tip.  Among  the  authors  whom  used  

this  method  for  computing  the  SIF  in  the  

case  of 2 repaired cracks, we can quote Ouinas 

et al. [8], Albedah et al. [9], Oudad [10] and 

Mhamdia et al [11]. The scope of this paper 

covers studying of the behaviour of repaired 

surface cracks in finite-thickness plates in 

aluminum alloy, by the finite element method. 

Various authors [12-14] showed that in practice 

the parameters influencing the performances of 

the bonded composite repairs are the patch and 

the adhesive properties. For that, the effects of 

adhesive thickness, patch thickness, patch area 

and mechanical properties of the patch on the 

variations of the stress intensity factor, at the 

internal and external positions, of repaired semi-

circular surface cracks were examined.  
 

II. Numerical Calculation of Stress 

Intensity Factors   
The relevant parameters in Linear Elastic 

Fracture Mechanics are the Stress Intensify 

Factors (SIFs) which can be calculated by using 
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either a J integral based equivalent domain 

integral (EDI) [15], a virtual crack closure 

method (VCCM) [16], a virtual crack extension 

method [17] or a displacement extrapolation 

method [18]. For a comparison of these 

methods see [19].  In this paper, the 

displacement extrapolation method is used to 

calculate the stress intensity factors as follows 

[20-22]:  
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Where E is modulus of elasticity, ν is Poisson’s 

ratio, k is elastic parameter defined by:  
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and L is the quarter-point element length. u and 

v are the displacement components in the x and 

y directions, respectively; the subscripts 

indicate their position as shown in Fig. 1.  

 

Fig. 1 Quarter-point singular elements around the 

crack tip 

II.1 Geometrical and finite element models    

The basic geometry of a semi-circular surface 

crack in a plate under uniform tension is 

considered with (t/W)=0.5 and W=H=10c (Fig. 

2). 

This crack is repaired with unidirectional 

Boron/Epoxy, Glass/Epoxy and Graphite/Epoxy 

composite patches of rectangular shape. The ply 

orientation is parallel to the loading axis. The 

dimensions of the patch are: (hr/wr) =2,            

(hr/H) =1 and (er/t) =0.02, where hr, wr and er 

represents the height, width, and thickness of 

composite patch, respectively.  The  adhesive  

used  to  bond  the  patch  on  cracked  finite-

thickness  plate  is  FM73,  epoxy 3 adhesive 

with (ea/t) =0.0026, Where ea represent the 

adhesive thickness. The elastic of the plate, the 

patch, and the adhesive are given in Table1.  

 
Fig. 2   Semi-circular surface crack in a finite-

thickness with Boundary conditions and loading 

applied 

Table 1 Materials properties (plate, patch and 

adhesive) 

 

 

The analysis involved a three-dimensional finite 

element method using a commercially available 

finite element code ANSYS 11.0.  The  finite  

element  model  consists  of  three  subsections  

to  model  the  cracked  plate,  the adhesive,  
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and  the  composite  patch.  Due  to  symmetry,  

only  one  half  of  the  repaired  plate  was  

considered (Fig.3).   

 
 

Fig. 3. FE model of the semi-circular surface cracks 

in finite-thickness plates:  a) without patch, b) with 

patch 
A  typical  FE model  between  the external  

position  crack  (α=0),  adhesive  layer  and  

composite  patch  layer  is shown in Fig. 4a. The 

special quarter point singular elements proposed 

by Barsoum [23] are used for modeling the 

singular field near the crack-tip (Fig. 4b) and 

(Fig. 4c). This mesh will serve to calculate the 

stress intensity factors using the displacement 

extrapolation method implemented in finite 

element code ANSYS 11.0.  

 

 
 

Fig. 4. Typical mesh model: (a) between the external 

position crack tip, adhesive layer and composite 

patch layer; (b) around the crack-front; (c) special 

elements used for displacement extrapolation 

method. 

 

 

III. Results and Discussions 

III.1 Comparison between repaired and 

unrepaired surface cracks for internal and 

external positions 

In this study, the SIF calculations were 

conducted for repaired and unrepaired cracks in 

finite-thickness plates under traction in order to 

estimate the repair performances.  Figure  5  

presents  the  variation  of  the  SIF  for  

repaired  and unrepaired cracks at external 

position of the crack-front for different ratio 

c/W. One notes a major reduction in the SIF. 

For example, for c/W=0.15, the reduction rate 

of the SIF is about 20% and one notices an 

asymptotic behavior of the SIF variation for 

repaired crack at the external position which 

proves that the good efficiency of  the  repair  

by  composite  patch  for  finite-thickness  

plates  under  traction  loading.  It  can  also  be  

noted, according  to  Figure  5,  that  for  

repaired  crack  with  Boron/Epoxy  composite,  

the  SIF  exhibits  an  asymptotic behavior  as  

the  crack  length  increases.  This  is  due  to  

the  fact  that  there  is  a  stress  transfer  

between  the repaired plate and the composite 

patch throughout the adhesive layer.  

The variation in the SIF along the internal crack 

front (unpatched front) is analyzed in Figure 6. 

It is noticed that repair reduces even the 

concentration of the stresses for internal crack 

position.  

 
Fig. 5. Variation of the SIF KI according to the ratio 

c/W for external position of crack-front patched and 

unpatched (α=0). 
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Fig. 6. Variation of the SIF KI according to the ratio 

c/W for internal position of crack-front patched and 

unpatched (α=π/2). 

 

The Figure 7. presents a comparison of the 

variation in the SIF between cracks in internal 

and external positions of the rectangular block 

model repaired with Boron/Epoxy composite. It 

is noticed that the difference between the SIFs 

of the repaired cracks in internal and external 

position is slightly weak for all interval of 

variation in the ratio c/W.   

 
Fig.7. Stress intensity factor (SIF) vs. ratio c/W for 

internal and external position of crack-front 

III.2 Effect of the adhesive thickness (ea) 

The  adhesive  layer  is  the  bridge  which  

allows  the  transfer  of  stress  from  the  stress  

concentration  region toward the composite 

patch. Figure 8 described the variation in SIF 

according to the ratio (ea/t) for internal position 

of repaired semi-circular surface cracks, for 

various ratio c/W. It can be noted that the 

increase in the adhesive thickness leads to the 

growth of the SIF, especially for external 

positions of crack-front (α=0).   

 
 

Fig. 8. Stress intensity factor (SIF) vs. ratio (ea/t) for 

internal position of crack-front 

III.3 Effects of the geometrical properties of 

the patch  

III.3.1 Effect of the patch thickness 

Several authors [24-27] showed the 

importance of the effect of the patch thickness 

on the repair performance in damaged 

structures. This effect is illustrated in Figs. 9 

and 10 by the plot of the SIF variation for 

external and internal position crack-front 

according to the ratio (er/t), for various ratio 

(c/W). It can be seen that the increase of the 

patch thickness reduces the stress intensity 

factor at the crack tip in a proportional way. 

These results can confirm that the choice of 

thicker patches makes it possible to increase 

their performances. For a better distribution of 

the stresses, it is preferable to use a multiple 

layers of bonded composite patches for 

repairing surface cracks.  

 
Fig. 9. Effect of the patch thickness on the variation 

of the SIF for external position of crack-front 
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Fig. 10. Effect of the patch thickness on the variation 

of the SIF for internal position of crack-front 

III.3.2 Effect of the patch area 

To analyze the effect of the rectangular area 

of patch (hr x wr, with hr/wr=2) on the SIF 

variations, three configurations were 

considered: hr/W=0.4, 0.6 and 1. Fig. 11 

illustrates the effect of this geometrical 

parameter on the SIF variation, for external 

position of crack-front. It can be seen that the 

increase of the 5 rectangular area of patch 

increases the SIF in a proportional way. This 

shows that the choice of the smallest surface of 

patch improves the repair performances.  

 

 

Fig. 11. Effect of the patch area on the variation of 

the SIF for external position of crack-front 

III.3.2 Effect of the mechanical properties of 

the patch 

Figures 12 and 13 present the variation of the 

SIF according to the ratio c/W, for two positions 

of crack-front and for different composites 

(boron/epoxy, glass/epoxy,and  graphite/epoxy). 

The results on these figures show that the 

boron/epoxy composites give the lowest values 

of the SIF especially for external position of 

crack-front. This behavior can be explains by 

the fact why the composites boron/ epoxy have 

the higher values of Young modulus E2 (Ey) that 

those of glass/epoxy and graphite/epoxy, i.e. 

boron/ epoxy composite is harder according to 

the direction of the loading applied (mode I). 

For this purpose, several authors [28-31] studied 

the behavior of the cracks repaired with this 

composite patch. 

 
Fig.12. Stress intensity factor (SIF) vs. ratio c/W for 

external position of crack-front, for different 

composites. 

 

 
Fig. 13. Stress intensity factor (SIF) vs. ratio c/W for 

internal position of crack-front, for different 

composites 
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I.V Conclusions  

This  study  demonstrates  that  the  reduction  

in  the  stress  intensity  by  the  composite  

patch  repair  of  semi-circular  surface  cracks  

in  finite-thickness  plates  subjected  to  the  

traction  effect  is  significant,  which  can 

improve the lifespan of repaired plates. The 

optimization of the mechanical properties of the 

adhesive and the composite  patch  can  improve  

the  repair  and  reinforcement  performances  

and  durability  significantly.  This optimization 

must  equilibrate  between  the  reduction  in  

the  stress  intensity  at  the  repaired defect and  

the reduction in the risk of adhesive layer 

failure. 
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