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ABSTRACT. The aim of this study is to analyze the behavior of a crack with 
and without reinforcement by a composite patch of an aluminum plate in 
mode I using the finite element method. The repair patch is boron / epoxy 
and Carbon / epoxy, which are used with great success by many researchers 
For the distribution of the stresses according to the various loadings, we can 
conclude that the effect of repair by patch in composite is very distinct, 
considering the intensities of stresses which decrease for each repair 
corresponding to the plate not repaired, therefore, the patch in composite 
dampens the stress field induced at the crack tip and causes a reduction in 
stresses. The repair with the Bore / epoxy composite patch is more effective 
than the Carbon/Epoxy patch, this is due to the mechanical properties and 
the various characteristics specific to boron/Epoxy which gives very 
significant and very effective results for the repair.  
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INTRODUCTION  
 

he lifetime of cracked structures risks having crucial damage or fatigue of the material, either by the propagation of 
cracks or by the singularity in the vicinity of the crack head; to avoid these risks of rupture or fatigue of the materials, 
bonding by composite patch remains a clear and adequate solution to be able to prolong the life of these structures, 

this repair by patch, has proven these experimental results and allows an effective gain and concrete, but this repair depends 
T 
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on the mechanical properties of the patch in question and the results vary from one composite to another. In 1998, it was 
shown by Pook [1] that the assumption that crack growth is in mode I leads to geometric constraints on permissible fatigue 
crack paths. Polymer matrix composites are particularly vulnerable not only to commissioning stresses but also to 
environmental media. These composites are widely used in aircraft structures, civil engineering, hydrocarbon electronics. 
Nevertheless, these composites are, over time, sensitive to macroscopic failure, A phenomenon resulting from microscopic 
damage (crack formation) by the degradation of thermomechanical properties [2]. In other works, the volume fraction of 
the reinforcement, its distribution and its size significantly affect the resistance to degradation [3-7]. Some work has used 
the Puck damage criterion to analyze the initiation and propagation of cracks in the fiber and/or matrix. The behavior of 
these cracks determines the predominant fracture mode of the composite. They also show that the presence of defects in 
the direction of crack propagation accelerates its instability [8]. Other authors used the finite element method FEM and 
XFEM for analysis of crack initiation and propagation in composites. The finite element method used for the study of crack 
behavior and damage in composites [9-11]. The innovative idea is to bring geometric improvements to an assembly system 
type Aluminum/Aluminum 2024-T3 bonded with an adhesive ADEKIT A-140; the geometric improvements presented are 
beneficial and the results show a good reduction of the stress concentration along overlap length [12]. Due to the nature of 
their polymer matrices, the modeling of their mechanical behavior is very delicate to implement. These composites 
reinforced with long fibers are strongly anisotropic and lead in the case of an elastic approach to a large number of 
coefficients to be determined in the case of a laminate [13]. Crack growth study under thermo-mechanical loads: parametric 
analysis for 2024 T3 aluminum alloy, it is important to note that the "strong" coupling between temperature and mechanical 
variables (stress, strain and damage) and damage) is very important [14]. Among the methods of repairing damaged 
structures, bonding a composite patch is currently the most used. In particular, composite patch repair has shown its 
effectiveness in the field of aeronautics and maritime structures [15]. A numerical simulation based on 3D in order to 
investigate the effect of crack-front shape on the stress intensity factor and fatigue crack growth behavior of 
center cracked aluminum plate repaired asymmetrically with bonded composite patch [16]. Without omitting the 
effect of the parameters related to the adhesive such as the thickness and the type of the glue that have provoked several 
searches as for example in [17-19]. The structural behavior investigated through three-point bending test, and it was found 
that the flexural behavior was affected by both the investigated factors; in fact, the maximum flexural load diminished 
incrementing the number of layers and inserting an adhesive layer at the metal/composite interface [20]. A need timely 
reveal operational damages and technological defects requires a prompt control of states of structures and their consequent 
repairs aimed at service life extension [21-26]. The experimental study of inelastic deformation and fracture of specimens 
made from layer composite materials with prior introduced technological defects related to a possible inappropriate 
compacting and inappropriate bonding of material layers at a given restricted domain [27]. The SED has been considered 
as a parameter able to control fracture in some previous contributions and can easily take into account also coupled three-
dimensional effects [28].Our study is characterized by a numerical simulation using Abaqus 6.14 software on a laterally 
cracked plate and repaired by two composite patches. The repair patches are boron/epoxy and carbon/epoxy, which used 
with great success by many researchers. The Von Mises stresses, the normal stresses and shear stresses are highlighted in 
this study, and then a comparison of the different stresses for the unrepaired and repaired plate. Finally, the integral J will 
be cleared in both cases. 
 

Materials 
Aluminum 
    Plate    Patch Adhesive 

Length H (mm)      250 127          127 

Width W(mm)      127 63.5          63.5 

Thickness e(mm)      3.0 2.0          0.1 

 
Table 1: Dimensions of the plate, adhesive layer and patch 

 
 
PRESENTATION OF MODEL 
 

n this modeling, we consider a thin rectangular plate of aluminum 2024-T3 , with composites patch, in first time we 
used a patch Boron/ epoxy, in second time , we used a composite Carbon/epoxy having the following dimensions in 
Tab. 1. An initial lateral crack of 5 mm in length in the plate perpendicular to the loading direction. The plate considered I 
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stressed in uni-axial tension in the vertical direction "y" under the applied stress of varying amplitude σ (20, 40, 60, 80 and 
100 MPa).The plate was repaired by an external rectangular patch.  
 
Material properties 
The mechanical characteristics of the assembly materials (plate, patch and the adhesive layer) are shown in the Tab. 2 and 
3, the Fig.1 shows the geometric model of the structure used. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Geometrical model of the repaired plate. 
                         
           
 
 
         
                                                                              
 

Table 2: Mechanical properties of the boron/epoxy and the carbon/epoxy composite 
 
 
 
 
 
 
 

 
 
 
 
 
                                                      (a)                                                                                                ( b) 

Figure 2: Stress-strain curve: a) - Aluminum plate 2024 T3 b) -Adekit A140 adhesive [29] 
 

 
Four (04) stacking sequences have been put on the proposed composite, namely Boron / Epoxy and Carbon/Epoxy that 
is distributed as follows: (0 ° / 45 ° / 60 ° / 90 °) Fiber orientation. 

Material E1(GPa) E2 E3 G12(MPa) G13 G23 ν 12 ν 13 ν 23 

Bore/Epoxy 109.0 8.819 8.819 4315 4310 3200 0.342 0.342 0.38

Carbone/Epoxy 138.0 9.500 9.500 5200 5200 1450 0.28 0.28 0.40

Embedding
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Materials 
E:Young modulus
   (GPa) 

G:Shear modulus
     (GPa)   ν: Poisson coefficient 

Aluminum 2024-T3      69     36.92             0.3 

Adhesive: Adekit A-40     2.69      0.99             0.3 
 

Table 3: Mechanical properties of Aluminum 2024-T3 and Adekit A140 Adhesive [17] 
 
 
FINITE ELEMENT MODEL 

 
he finite element analysis of the configuration of the repaired plate (shown in Fig. 3) is done using the calculation 
code ABAQUS [30]. The structure of the layers of the laminate (patch) is in fact a three-dimensional structure. A 
three-dimensional finite element model of such a structure has several degrees of complexity. A refined mesh is 

presented at the adhesive layer and plates to determine the maximum stresses. 
 

                                     
                                           (a)                                       (b)                                     (c)                                 (d)                                                            
 

Figure 3: Geometrical model and mesh of the structure: a) Plate, b) Head of crack, c) Adhesive and d) patch. 
 
The adhesive is modeled as a third layer. In the finite element model, the nodes are common between each three-dimensional 
structure so that there is a continuity of the strain and the stress. The elements used in the modeling of the set are C3D20R, 
A 20-node quadratic brick. A fine mesh was adopted in the area around the crack .The number of elements used in this 
study are 85062 elements in the Aluminum plate, 16256 elements in the composites patch and 8128 elements in the adhesive 
layer. 
 
 
RESULTS AND DISCUSSIONS 
 

he analysis of the stress distribution in the bonded assemblies is essential in order to predict the level of stress 
intensity 
for each substrate. Almost all the applied load will be transmitted to the adhesive which is the weak link of the 

structure seen these weak mechanical properties comparing to those of the plates. Our investigation will be focused on 

T 

T 
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extracting all the stresses induced in the structure due to the increasing tensile loading whether for normal or tangential 
stresses in order to predict the most optimal stresses to avoid the phenomenon of shearing or detachment of the patch. 
 
Von Mises stresses 
In this part of the study, we presented the stresses induced in the plate which is stressed in tension in the two different 
directions, and with the boundary conditions imposed, in order to make a comparison of the plate not repaired with this 
same plate repaired by composite patch which is Boron/epoxy and carbon/epoxy, and see the effect of the reduction of 
the stress intensities requested in this plate. 
 

« Load 20 MPa» 

 
 

« Load 40 MPa» 

 
 

« Load 60 MPa» 
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« Load 80 MPa» 

 
 

« Load 100 MPa» 

 
 

a)                                                          b)                                                              c) 
 

Figure 4: Distribution of the Von Mises equivalent stresses: a) Plate not repaired b) Plate repaired Boron epoxy c) Plate repaired Carbon 
epoxy. 

 
The first remarks drawn by these stress distributions leads us to conclude that the unrepaired plate is stressed by very 
significant stresses especially at the crack tip and the affected area is very large, namely this confined plastic area, while, in 
the presence of the composite which is a very stress-absorbing element, and after the repair of this plate, these equivalent 
stresses of Von Mises have  a very distinct reduction in its intensity, hence the importance of this repair by this boron / 
epoxy composite, and by carbon /epoxy, therefore, there is a relaxation of the stresses. 
The reduction of the stress intensities in the event of repair is very remarkable relative to the unrepaired plate for the 
equivalent stresses of Von Mises, this proves that the composite patch absorbs and dampens all the stresses at the same 
time by slowing the crack propagation and make the stress field lower, for a confined area in the vicinity of the crack head 
and to avoid its initiation, this repair in composite patch prevents the propagation of the crack and allows the longitivity of 
life for crack.   
The gain in repair is very distinct by the two composites due to their effectiveness, hence, the most effective and efficient 
composite is boron/epoxy by its important mechanical properties, which leaves all the stresses to be reduced and to be 
absorbed, then the carbon/epoxy, which in turn has interesting properties and leaves the stresses to be reduced.  
For the cases of repair by these two patches, the maximum stress reached does not even exceed 600 MPa for a loading of 
100MPa, while for the not repaired plate, this stresses reaches around 11870 MPa, and this proves the absorption of these 
stresses by repair. 



 

                                                            A. Moulgada et alii, Frattura ed Integrità Strutturale, 53 (2020) 187-201; DOI: 10.3221/IGF-ESIS.53.16 
 

193 
 

Figure 5: Variation of the maximum equivalent stresses of Von Mises according to the various loadings. 
 

Normal Stresses xx  
In this part, we will make a direct comparison for the different normal stresses xx in order to distinguish the effect of the 
repair by the composite patch from the plate having a lateral crack stressed by tensile loads. 
We note that the area of the repaired plate is strongly affected by very important stresses compared to that repaired, we 
conclude that there is a very remarkable reduction for this repaired plate, for that, and for fairly low load, such as 20MPa 
and 40MPa, their effects on the repaired plaque are almost weak. It is noted that the reduction of the normal stresses is less 
important unlike the boron/epoxy patch, since approximately the crack head, which knows an opening of its lips, and 
creates a stress field around its head proves a gain quite significant by this repair, hence the effectiveness of the Bore / 
epoxy patch compared to the carbon / epoxy patch, by its very important mechanical properties which make it possible to 
reduce the stresses induced at the crack head and give the plate a certain rigidity in order to be able to withstand different 
stresses and increase its lifespan. 

 
« Load 20 MPa» 

 
 

« Load 40 MPa» 

 



 

A. Moulgada et alii, Frattura ed Integrità Strutturale, 53 (2020) 187-201; DOI: 10.3221/IGF-ESIS.53.16                                                              
 

194 
 

« Load 60 MPa» 

 
 

« Load 80 MPa» 

 
 

« Load 100 MPa» 

 
 

a)                                                                     b)                                                                    c) 
 

Figure 6: Distribution of normal stresses xx: a) Plate not repaired b) Plate repaired Boron epoxy c) Plate repaired Carbon epoxy. 
 
To change the normal maximum stresses xx according to different loads, we note that the repair patch composite provides 
a significant gain compared to the unrepaired plate and that depending on the corresponding patch, hence the effectiveness 
repair that extends the life of the cracked plate. The repair by these two composite patches is almost similar considering the 
two boron / epoxy and carbon / epoxy curves are almost combined and do not exceed 320MPa for a loading of 100MPa. 

 



 

                                                            A. Moulgada et alii, Frattura ed Integrità Strutturale, 53 (2020) 187-201; DOI: 10.3221/IGF-ESIS.53.16 
 

195 
 

Figure 7: Variation of the maximum normal stresses xx according to the various loadings 
 

 
Shear stresses xy 
For the different loads, we compare the different tangential stresses for the unrepaired plate and after its repair by composite 
patch, which is Boron/Epoxy and Carbon/Epoxy; we have obtained the following results: 
 
 
 

« Load 20 MPa» 

 
 

« Load 40 MPa» 

 
 
 
 
 



 

A. Moulgada et alii, Frattura ed Integrità Strutturale, 53 (2020) 187-201; DOI: 10.3221/IGF-ESIS.53.16                                                              
 

196 
 

« Load 60 MPa» 

 
 

« Load 80 MPa» 

 
 

« Load 100 MPa» 

 
 

a)                                                                          b)                                                                     c) 
 

Figure 8: Distribution of Shear stresses xy: a) Plate not repaired b) Plate repaired Boron epoxy c) Plate repaired Carbon epoxy 
 

For the case of the tangential stresses which request a lot this cracked plate under a tension solicitation, the crack itself tends 
to be to initiate by the loading, and one can predict a propagation of this crack before the repair and for an ascending load, 
that us leads to repair by patch in composite by carbon / epoxy and boron / epoxy, this procedure has given satisfaction  
especially when the shear stresses have been absorbed in an impreciable way and allow the crack to attenuate its propagation, 
thus, to have a gain in lifespan relative to this plate before its repair. 
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Figure 9: Variation of the maximum tangential stresses xy according to the various loadings. 
 
For the paces of the curves representing the variation of the maximum shear stresses xy as a function of the different 
loadings, the gain in stresses going progressively from the unrepaired plate towards the plate repaired by the Carbon / epoxy 
patch, until the plate repaired by the most effective boron / epoxy composite ,because the patch in boron / epoxy composite 
absorbs stress concentrations at the crack head well than the carbon/epoxy composite and consequently good stress 
absorption in the vicinity of the crack head. 
 
Normal stresses  yy 
To be able to distinguish and see the effect of the patch on a cracked plate laterally stressed at tensile stresses of its two 
ends, that is to say, in the direction of the opening of the lips of the crack, we expose these normal constraints yy for the 
two cases. 
 
 

« Load 20 MPa» 

 
 

« Load 40 MPa» 
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« Load 60 MPa» 

 
 

« Load 80 MPa» 

 
 

« Load 100 MPa» 

 
 

a)                                                                      b)                                                          c) 
 

Figure 10: Distribution of normal stresses yy: a) Plate not repaired b) Plate repaired Boron epoxy c) Plate repaired Carbon epoxy 
 

 
The gain of the effect of the normal stresses yy  is very remarkable, since the damping of these stresses is produced by this 
repair procedure by composite patch, by minimizing all the normal stresses induced in the vicinity of the crack head and 
making the affected area very confined, also absorbing the stress fields higher, and to avoid crack cracking. 
We can conclude that the repair effect by composite patch is very distinct, given the stress intensities, which decrease for 
each repair; therefore, the composite patch dampens the field of stresses induced at the crack tip and causes a reduction in 
stresses. 
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Figure 11: Variation of the maximum normal stresses yy according to the various loadings 
 

This figure shows that the effect of the repair by composite patch is very distinct; given the gain in the stresses, which 
experienced fairly low values relative to those found for the cracked plate without repair, therefore the composite patch is 
a damper or a stress absorber. The reduction of the stresses is very distinct for this not repaired plate by the effect of the 
repair by the two patches and it is very remarkable and more effective for the boron/epoxy, which presents better results 
for the reduction of the stresses and to prolong the service life of repaired materials. 
 
Integral J 
For the variation of the integral J as a function of each sequence (Plaice) for different loading for the plate repaired by patch 
in composite which is (Carbon / epoxy), we notice that as the load increases, the corresponding integral J also increases, 
and this integral reaches its maximum at sequence No. 2, that is to say for the orientation of the fibers at 45 °, and this 
maximum value is of the order 5.3mj / mm2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12: Representation of the integral (J) for different loading. 

 
 

For the plate repaired by patch in composite (Boron epoxy), the variation of the integral J for different loads for the four 
stacking sequences is almost proportional to the loading, since for low loads such for 20MPa and 40MPa, this integral does 
not exceed 2.7mj / mm2, and reaches its peak which is of the order of 7.5 mj/mm2 for the same sequence with the orientation 
of the fibers at 45 °, which corresponds to the second fold of the boron epoxy composite.  in the close vicinity of the 
adhesive, the energy due to crack propagation, induces a greater intensity and for progressive loads and decreases towards 
the last stacking sequences of the patch, according to shows that the patch absorbs a very large amount energy that passes 
through it, and consequently, increase the lifetime of the structure. 
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CONCLUSION 
 

he reduction of the stress intensity by the composition patch repair is very significant at the crack front, which 
improves the fatigue of repaired aircraft structures. The repair performances are highly reduced for thick plate. It is 
recommended to repair thick plates with composite patch. The optimization of the geometrical properties of the 

adhesive and the patch can improve significantly the repair performances and durability. The use of multiple composite 
layers for repair can also improve the repair performances.  
In this study, the following conclusions can be drawn: 
 For the distribution of stresses for the various loads, we can conclude that the effect of the repair by patch in composite 

dampens the stress field induced at the bottom of the crack and involves a reduction of the stresses. 
 The repair by Bore / Epoxy patch is more effective compared to the Carbon / epoxy patch, by its mechanical properties 

and by its specific characteristics, which gives very significant and very effective results. 
 The most important stresses are the normal stresses yy and the stresses of Von Mises, which are likely to delaminate 

the patch and to initiate the crack. 
 The shear stresses xy have lower values compared to the other stresses, given the Adhesive: Adekit A-40, which has 

very effective bonding properties. 
 The variation of the integral J for different loads for the four stacking sequences is almost proportional to the load, and 

reaches its peak, which is of the order of 7.5 mj / mm2 for the same sequence with the orientation fibers at 45 ° for 
different contours in the vicinity of the crack head. 
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