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ABSTRACT. In this study, the finite element method is used to analyze the -
effect of corrosion and the behavior of inclined cracks of an aluminum plate

Al 2024 -T3 under thermomechanical loading. The effects of the inclination
of the crack and the effect of temperature for different types and shapes of
adhesives are highlighted. The results obtained show the increase of the crack
inclination leads to a decrease of the damaged area and the damaged area ratio
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of the adhesive. In addition, the ratio Dgr increases with increasing
temperature variation AT. The best performing patch shape that gave
interesting results during this analysis is the circular and for type the
Boron/epoxy is the best.
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INTRODUCTION

he industrial development and technological progress depend on the use of advanced materials with good

mechanical properties, among these materials is aluminum. Taking into account modern industrial requirements,

there are several researches to develop this material and increase its efficiency in order to reduce its cost price.
Aluminum is an excellent metal, and this is due to its effectiveness in resisting corrosion. There are several techniques
developed to solve the corrosion problem by adding inhibitors or application of paint and surface treatment. Knowing the
properties of the adhesive plays a fundamental role in predicting its targeted damage. Many authors such as Berrahou [1-
0] have worked on the effect of corrosion on the damaged area of the adhesive FM73 of a plate repaired with composite
materials by applying the damaged zone theory. There are several works on the study of only corroded plates without
cracks, and others on corroded plates with horizontal cracks under mechanical loading,.
The use of the damaged area theory in recent times has been widely spread due to its discretionary advantages to avoid
failure of the compound used to repair cracks and also to avoid the corrosion. Recently, several papers describing the
damage zone theory of the FM73 adhesive were publishing. The adhesive damage and failure to repair the adhesive
structure are estimated using modified damage area theory [7-14]. Mokadem and his colleague Berrahou [6] analyzed the
effect of the crack inclination on the performance of the composite and from the results they concluded that increasing
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the crack inclination leads to an increase in the damaged area ratio (Dgr) and also leads in turn to a decrease of the values
of the stress intensity factor in mode I (Kj).

In this work we have studied the effect of the Thermomechanical Loading on the change of the stress intensity factor,
The Stress intensity factor (SIF) at the crack front was extracted by using the virtual crack closure technique (VCCT). This
technique is based on the energy balance proposed by Irwin. The idea presented by Rybicki and Kanninen [15] is based on
the calculation of the energy release rate, using Irwin assumption that the energy released in the process of crack
expansion is equal to work required to close the crack to its original state. The calculations are performed with the
ABAQUS numerical code using Cohesive Zone Modelling (CZM) and the Xtended finite element method (XFEM). Many
studies that dealt with the analysis of the application of VCCT, XFEM and ZCM methods[16-18]. Researchers J. Jokinen
and M. Kanerva demonstrated the effects of free-edge stress concentrations and surface separation prior to nodal release
on the VCCT and ZCM model [16]. Billali et al performed calculations using ABAQUS numerical code using CZM
coherence elements for patch separation and XFEM technique for plate fracture [18].

The finite element method has been used to develop the repair method, and study the spread of cracks in aluminum plates
and their treatment by the technique of composite patches [19, 20]. Experimentally, no researcher has studied the repair of
cracked plates using the Glass-epoxy composite because of its characteristics such as its low efficiency, the high
coefficient of expansion, the ease of its preparation compared to those Boron-epoxy and Graphite-epoxy.

Numerical analysis was studied by the three-dimensional finite element method of repairing aluminum structure Al 2024
T-3 with bonded composite. The effect of the corrosion on the damage of the adhesive (FM73) in the length of inclined
crack located on the left side is presented, to evaluate the variation in the damaged atrea ratio of the adhesive (Dr). The
major issue is the damaged area of the adhesive to the standard (DR<0.247), and the protection of aluminum alloys in
order to provide the system with properties in the presence of corrosion and thus reinforce the corrosion resistance
properties. The effects of crack size, mechanical properties of the composite patch, its geometric shape and thermal
loading are demonstrated on the variation of the damaged area of the adhesive. The variation of the stress intensity factor
at the tip of the crack repaired by a simple patch was studied in order to observe the behavior of the damaged area. Our
work consists to improve the repair performance of a cracked and corroded plate subjected to thermomechanical loadings
in mixed modes (I and II).

Materials Al 2024- Adhesive Boron/ Glass/ Graphite/
T3 FM-73 epoxy epoxy epoxy
Height (mm) 254 see fig.2 see fig.2 see fig.2 see fig.2
Width (mm) 254 see fig.2 see fig.2 see fig.2 see fig.2
Thickness (mm) 5 0.15 15 1.5 1.5
E1 (GPa) 72 200 50 127.5
E2 (GPa) 19.6 25 9.00
E3 (GPa) 19.6 25 4.80
v12 0.33 0.32 0.3 0.21 0.342
v13 0.28 0.21 0.342
023 0.28 0.21 0.38
G12 (GPa) 4.2 7.2 7.2 4.8
G13 (GPa) 5.5 5.5 4.8
G23 (GPa) 5.5 5.5 2.55
«12(10¢ C°) 22.5 4.5 5.5 -1.2
a13(10-¢ C°) 23 15 34
a23(10¢ C°) 23 15 34
Dimensions Mechanical and Thermal Properties

Table 1: Mechanical, thermal and dimensional properties of different materials.
GEOMETRICAL MODELS

of the materials used in the structure are indicated . To be more realistic, an aluminum plate having a corrosion of random

T o facilitate the understanding of the problem addressed in this atticle, in Tab. 1, all the mechanical and thermal properties
shape, is subjected to the influence of a thermal loading, in situations close to reality with temperature variations: normal
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T=20°C (AT=0°C ) and very hot T=100°C (AT=80°C ). Knowing that the adhesive conforms to the shape of the patch used
during the repair. As for the shapes of the adhesive matching the shape of the patch, we took several shapes to find the optimal
shape (Rectangular, trapezoidal and circular). These shapes and their dimensions are shownin fig. 1.

In order to analyze the effect of the patch shape, three shapes were chosen in this study: rectangular, trapezoidal and circular,
having the same area A = 39000mm?. The dimensions of the materials related to this work (aluminum plate, composite patch and
adhesive) are shown in Fig. 1. The patch is glued using FM 73 adhesive with a thickness = 0.15 mm. The plate is subjected to a
thermal loading which vaties in the interval T' (0°C - 100°C) and a uniaxial tensile load of amplitude o = 200MPa. The damaged
area is estimate from modern techniques to know the value at which the adhesive rupture occurs. In our work, the
evaluation of the breaking stress of the FM 73 adhesive is calculated from the curve in Fig, 2.

. ©G=200MPa

Thickness of corrosion =0.25mm

Geometrical model
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Figure 1: Geometrical model of plate and patch sizes of (A) Rectangular shape, (B) Trapezoidal shape and (C) Circular shape.
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Figure 2: Stress-strain curve of the adhesive FM 73.

333



H. Bengineb et al., Frattura ed Integrita Strutturale, 60 (2022) 331-345; DOI: 10.3221/IGF-ESIS.60.23 Q

NOMINAL FINITE ELEMENT MODELING

ABAQUS [21]. The finite element model is applied for the three parts of the structure, a plate with a corrosion of

random shape, the adhesive, and the composite (patch). The number of elements layers in the thickness direction
is as follows four for the aluminum plate, one for the adhesive and two for the composite patch. The mesh was refined
near the corrosion zone with an element dimension of 0.05 mm using at least twenty of these fine elements around the
corrosion. Fig. 3 shows the overall mesh of the structure, the mesh refinement in the corrosion zone. Moreover, the
mesh of the structure (plate, adhesive and patch in composite) is shown in Fig. 3.
The total number of elements for the repaired structure depends on the patch shape. The total number of elements is
shown in Tab. 2.

T he study of this work was carried out by the three-dimensional finite element method using the calculation code

Corroded Area

Refined mesh of plate near the corrosion

Rectangular shape Trapezoidal shape Circular shape
of adhesive of adhesive of adhesive

Figure 3: Mesh of the plate near corrosion, and typical finite element (FE) for a global model.

The different components

Numbers of elements Sizes of elements
of the analyzed structure
Aluminum 2024-T3 49646 5mm
corrosion 2300 0.25mm
FM-73 Adhesive type 2470 0.15mm
Composite Patch 9880 1.5mm

Table 2: Number of finite elements of the structure.

RESULTS AND DISCUSSIONS

reliable failure criteria for engineering materials. It relies on the second deviatoric invariant and the effective

T he Von Mises Failure criterion was introduced by Von Mises (1913) and has been used since as one of the most
average stress. Assuming a triaxial test condition where 61>062=03.

JJ, =1/3(0,-03) 1)

The effective average stress can be expressed by the following equation:
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o,-P =1/3(c,+205)-D, )
where P, formation pore pressure and the effective average stress is defined as the average stress minus the pore pressute.
In the Von Mises shear criterion, the second deviatoric invariant is plotted against the effective average stress for various

axial loads o1 and confining pressures o3. The resulting curve, known as the failure curve, specifies two regions, one below
the curve as being safe and stable and the other above the curve as being unstable and failed as shown in Fig. 4.

Failure area

Jx

Intact

O=Pt
Figure 4: Von Mises failure model from triaxial test data.

The theory’s Main assumption of is that the adhesive and crack initiation in the bonded patch occurs after a damaged area
develops. Under low amplitude of load, the localized damages arrive at the edges of patch. This damage occurs because
the material is locally subjected to strains higher than the ultimate material strain. Under medium load amplitude, the
damaged zones grow in size and the concentration of points of the damaged areas increases. As the failure load is reached
the damaged area in the adhesive grows to a critical size and the individual components of the damage coalesce and form
a crack. Numerically, the damaged area is identified by marking items for which a failure criterion is exceeded. The
adhesive tested is a toughened ductile adhesive which is expected to fail in performance. Consequently, the failure
criterion used for the cohesive damage of the adhesive layer is the equivalent Von Mises strain criterion:

1 2

Eoquiv = mX\/(gpl ~&p )2 + (gpz & )2 + (gzﬁ - gﬁ) 3)

where &

g 18 the equivalent stain, &, are the plastic strains in the different directions and & the Poisson ratio.

This criterion is satisfied when the maximum principal strain in the material reaches the ultimate principal strain. For each
failure criterion an ultimate strain will be defined and the corresponding damage zone size at failure is determined. The
damaged area theory is based on the principle that the adhesive joint is assumed to fails when the damaged area reaches a
certain critical value. The damaged zone can be determined by either a stress or a strain criterion. Therefore, the adhesive
fails to perform its functions when the cohesive failure criterion is satisfied the adhesive joint. Since adhesive failure
occurs at the adhesive joint, the adhesive failure criterion for the damaged area should be used. For isotropic materials,
failure criteria such as the Von-Mises and Tresca criteria can be used to better understand the adhesive failure. Where
Chang-Su Ban proved that the area where the equivalent strain of the adhesive exceeds the ultimate strain of 7.87%. After
conducting studies on the FM-73 adhesive they concluded that this adhesive fails when the Dr (Damaged area ratio)
reaches a percentage exceeding 0.24 which is considered critical [22] see Fig. 4. The value of the damaged area ratio is
calculated according to the following relationship:

Dr = sum of damaged areas / total adhesive area 4

This study was carried out to determine the evolution of the damaged area in the adhesive layer which ensures the
adhesion of the composite patch to the cracked plate with randomly shaped corrosion. The area of the damaged zone was
calculated for different parameters such as the following effects, patch shapes (rectangular, trapezoidal, and circular),
patch types (Boron/epoxy, Graphite/epoxy and Glass/epoxy) and crack inclination under thermo-mechanical loading.
The damaged area theory was used to evaluate the progression of damage in the adhesive layer during the analysis. The
color of the damaged area can be seen in gray, see Figs. (5,7, 8§ and 9).
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Effect of crack inclination on adbesive damage
This analysis presents the variations in the damaged area of the adhesive as a function of the angle of the crack inclination
(0) for a crack length a=30 mm of a plate repaired by simple patch. We set the adhesive thickness e,;= 0.15 mm and

patch thickness e_, = 1.5 mm were determined for a composite patch (Boron-epoxy) having a rectangular geometric

pat
shape and an applied tensile stress intensity equal to 200MPa. Initially, the crack inclinations were varied 0 =(15-45-75) °,
after analysis of the different curves obtained from the ratio of the damaged area Dr and the variations in the stress
intensity factor Kj, the effects of crack inclination were shown.

Fig. 5 shows the evolution of the damaged zone as a function of the crack inclination for the rectangular shape. In
general, it is observed that more the crack inclination increases, the area of the damaged zone decreases. In the case of 0
=15°, we note the presence of a damaged area surrounding the crack as well as small areas at the periphery of the patch.
Comparing the results obtained for the inclinations 0 =45¢ and 0 =75¢ with those of 0 =15°, one notices a decrease in the
size of the damaged area progressively in the vicinity of the crack with the increase of the crack inclination (0).

Figure 5: Damaged zone for a patch Boron-epoxy, of rectangular shape for the crack inclination (a) 6 =152, (b) 0 =45¢and (c) 6 =
750, Adhesive FM 73.
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Figure 6: Damaged zone ratio according to the crack inclination.

Fig. 6 shows the variations of the damaged area ratio according to the crack inclination. One observes a strong slope at
the start of the graph, which explains the rapid decrease which can reach 33% in the interval of 6(15-30)°, then a

gradual slow down to 4% in the damaged area ratio of the adhesive. As a comparison between the values obtained for the
inclinations 0 =15° and 0 =30 on the one hand and 6 =40° and 6 =75°¢ on the other hand, for the first case we have Dgr
varies from 0.241 to 0.228, the reduction is significant and very rapid, as for the 2nd case one has: Dr = (0.228-0.220) a
very insignificant decrease. The values of Dr obtained in this analysis are lower than the critical value Dg, regardless of
the value of the crack inclination. It can be concluded that increasing the crack inclination leads to decrease in the
damaged area ratio of the adhesive.
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Effect of temperature variation on the damage of the adbesive
This effect is shown in Figs. 7, 8 and 9, that show the variations of the damaged area of the adhesive as a function of the
temperature (AT) for a crack inclination 0 =45° repaired by a simple patch. One fixed the thickness of the adhesive e,

=0.15 (mm) and of the patch e, =1.5 (mm), for different composite patches (Boron-epoxy, Glass-epoxy, Graphite-

epoxy) having geometric shapes (rectangular, trapezoidal, circular) and for an applied tensile load equal to 6= 200MPa.
The temperature variations are included in the interval T= [20-100] °C, (AT= 0, + 80)°C.

Boron-epoxy patch

Fig. 7 shows the results which make it possible to follow the evolution of the damaged area as a function of the
temperature vatiation. In general, it is noted that the more the vatiation in temperature AT (°C) increases, the more the
surface area of the damaged zone increases. When the variation in temperatute AT equals 0°C, no damaged zone appears
nor at the level of corrosion or crack, only at the edges of the patch. After increasing the temperature, we notice at
AT=40°C the damaged area develops at the edges in all patch shapes and appears near the crack only in the rectangular

shape, but at the maximum temperatute T = 100 © C (AT = 80 ° C) we note that the damaged area includes the edges of
the patch and the crack area also in all shapes.

AT=0°C AT=40°C AT=80°C

b-Trap ezol

c-Circular

Figure 7: Damaged zone vs the temperature for a Boron-epoxy patch and of type: (a) Rectangular, (b) trapezoidal and (c) circular, for
0 =45¢.

Glass-epoxy patch

The evolution of damaged area was presented in Fig. 8 as a function of the temperature variation for a type patch
glass/epoxy. We notice that the increase in the temperature vatiation (AT) increases the sutface of the damaged area. This
damaged area appears around the corroded zone of the plate and at the edges of the patch. The surface of damaged area
reaches its maximum for AT=80°C.
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AT=0°C AT=40°C AT=80°C
a- Rectangular

smimsszsmiizsszassasErEImanand

c-Circular

Figure 8: Damaged zone vs the temperature for a Glass-epoxy patch and of type: (a) Rectangular, (b) trapezoidal and (c) circular, for
0 =450

AT=0°C AT=40°C AT=80°C

a- Rectangular

c-Circular
o 2o,

Figure 9: Damaged zone for a Graphite-epoxy patch and of type: (a) Rectangular, (b) trapezoidal and (c) circular, for 6 =45°.
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Graphite-epoxy patch

Fig. 9 illustrates the evolution of damaged area of the adhesive according to the temperature variation. It can be seen that
an increase in temperature (AT) leads to an increase in damaged area. We also notice when the variation in temperature
AT=0°C no appearance of damaged area. The surface of the damaged area appears at the edges of the patch and near the
corrosion for rectangular and trapezoidal shapes then reaches its maximum for AT=80°C.

Variation of the damaged area ratio of the adbesive as a function of temperature

Case_of the boron-epoxy patch. Fig. 10 shows the variation of Dr as a function of temperature variation (AT) for a
Boron/epoxy patch for the three geometric shapes (tectangular, trapezoidal and citculat), and for an FM 73 adhesive and
with a constant crack inclination 0 =45°. All cutves have the same tendency, because the Dr increases with increasing
temperature variation AT. As a comparison of the performance across the curves obtained, it can be noted that the
circular shape is the most efficient as it gives values of Dg lower than the critical value Drc. This figure also shows that the
shapes (rectangular and trapezoidal) are the least performing because the values obtained of Dr exceed the critical value
(Drc=0.2475) for T > 70°C (AT > 50°C). If we compare these two shapes, the rectangular shape is the least performing
because it gives higher Dr values than the two other shapes (trapezoidal and circular).

Patch Boron/Epoxy
s=200MPa and 0=45"

03d Ppatch of shape —=— Rectangular
e — Trapezoidal

Circular _* critical D
. Rc

0,25

0,29

0,19

0,19

Damaged area ratio D

0,05

0,00

20 30 40 30 60 K 30 100
Variation of the thermal loading T(°C)

Figure 10: Variation of the damaged zone ratio Dg vs the temperature for the Boron-epoxy type.

Case of the Graphite-epoxy pateh. Fig. 11 presents the variation of Dy as a function of the variation in temperature AT for a
graphite / epoxy type patch and with a crack size a = 30mm and inclination 0 =45¢. It is noticed that the Dg increases
with the increase in the temperature variation AT. We can also observe that the rectangular geometric shape is the least
efficient for this repair because it gives values of Dr clearly greater than that of the Drc and this as soon as AT > 550 C.

The best performing shape is circular because the critical value of the damaged area ratio is only reached when AT > 75¢
C.

Case of the Glass-epoxy pateh. Fig. 12 shows the variation of the Dr as a function of the temperatute variation for a glass /
epoxy patch for the three geometric shapes (rectangular, trapezoidal and circular) for the same adhesive (FM 73). The Dr
ratio increases with increase in the temperature variation AT. One can notice that the circular shape is the best because it
gives values of the ratio Dr that are the lowest compared to the other shapes. The results of Dr for the rectangular shape
of the patch exceed the critical value Drc = 0.2475 when the AT = 65 °C. It can be concluded that this form should be
avoided for this type of repair.

339



H. Benzineb et al., Frattura ed Integrita Strutturale, 60 (2022) 331-345; DOI: 10.3221/IGF-ESIS.60.23 ‘{{ Y
Patch Graphite/Epoxy
0
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Figure 11: Variation of the damaged zone ratio Dr vs the temperature for the Graphite-epoxy type.
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0
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Figure 12: Variation of the damaged zone ratio Dg vs the temperature AT for the Glass-epoxy type.

Variation of stress intensity factor in mixced mode as a function of temperature A(T) for the different types of the patch

The criterion of Von-Mises is used as criterion of plasticity. The theory of additional plasticity is introduced to model the
non-linearity of the adhesive material. The stress intensity factors at the crack tip are calculated using the virtual crack
closure technique (VCCT) based on the energy balance. In this technique, the stress intensity factors are obtained for the
three failure modes according to the equation:
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G, =—1 ©)

where G; is the Fracture energy for mode I, Ki is the stress intensity factor for mode i and E is the modulus of elasticity.
The model referred to above is called the linear elastic fracture mechanics model and has found wide acceptance as a
method for determining the resistance of a material to below-yield strength fractures. The model is based on the use of
linear elastic stress analysis; therefore, in using the model one implicitly assumes that at the initiation of fracture any
localized plastic deformation is small and considered within the surrounding elastic stress field.

K

cos—|1— sin—sin—}
2 2

cos9 1+ singsinﬁ} 6)
20 2 2

K .
sin—

COS 6 COS 36}
o, = —_ —_—
Yoo one 2] 2 2

The stress in the third direction are given by 0.,=0,_=0, =0 for the plane stress problem, and when the third
directional strains are zero (plane strain problem), the out of plane stresses become o, =0 . =0 and 0, =9(0, +0)).

While the geometry and loading of a component may change, as long as the crack opens in a direction normal to the crack
path, the crack tip stresses are found to be as given by Eqns. 6.

The stress intensity factor (K) is used in fracture mechanics to predict the stress state "stress intensity" near the tip of a
crack or notch caused by a remote load or residual stresses. It is a theoretical construct usually applied to a homogeneous,
linear elastic material and is useful for providing a failure criterion for brittle materials, and is a critical technique in the
discipline of damage tolerance. The concept can also be applied to materials that exhibit small-scale yielding at a crack tip.
The magnitude of K depends on specimen geometry, the size and location of the crack or notch, and the magnitude and
the distribution of loads on the material. It can be written as [23, 24]:

K= o\/Ef( ) @)

2
W
where: f (%) is a specimen geometry dependent function of the crack length a, the specimen width W, and ¢ is the

applied stress.

{

Figure 13: Mode I, Mode II, and Mode III crack loading.

Mode I: Mode II: Mode III:
opening sliding Tearing

In 1957, G. Irwin found that the stresses around a crack could be expressed in terms of a scaling factor called the stress
intensity factor. He found that a crack subjected to any arbitrary loading could be resolved into three types of lineatly
independent cracking modes.[25] These load types are categorized as Mode 1, 11, or 111 as shown in the Fig. 13. Mode I is
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an opening (tensile) mode where the crack surfaces move directly apart. Mode 11 is a sliding (in-plane shear) mode whete
the crack surfaces slide over one another in a direction perpendicular to the leading edge of the crack. Mode III is a
tearing (antiplane shear) mode where the crack surfaces move relative to one another and parallel to the leading edge of
the crack. Mode I is the most common load type encountered in engineering design.

Different subscripts are used to designate the stress intensity factor for the three different modes. The stress intensity
factor for mode I is designated K; and applied to the crack opening mode. The mode 1II stress intensity factor K, applies
to the crack sliding mode and the mode III stress intensity factor Kur applies to the tearing mode. These factors ate
formally defined as [26]:

K, = 113(1) \/27Zr0ﬂ (r,O)
K, = 11;13)\/2ﬂrajx (r,O) (8)
K, = lig(l)\/ZEVO'K (r,O)

K, = aﬂ\/a ®

B =(1-0.0250° +0.06a* ), sec ™"
2
where,

K;=Stress intensity factor

B = Geometry factor

o =2a/W

2a = Crack length

W = Width of the plate

o = Force applied

Where the factor § is used to relate gross geometrical features to the stress intensity factor

2
-2 0.326(Zj

-2
b

Crack in a finite plate under mode I loading.
The generalized form for mode II stress intensity factor can be expressed as:
The Mode II stress intensity factor Ky is derived using the following equation [27],

K, =ora

(10)

K; =p\/a(1—a)mzﬂmxﬂ 1

The second part of this work shows the effect of temperature on the behavior of the corroded and cracked aluminum
plate with an inclined crack in mixed mode (mode I+ mode II). The evolution of the stress intensity factor (Ki+Kir) for
several angles of crack inclination and the three types of composite patch was shown in Fig. 14. The analysis of these
curves obtained for the circular shape allows the observation of the effect of the crack inclination. It can be seen that the
increase in the angle of the crack inclination leads to a decrease in the values of the sum (Ki+Kiu) for all the types of
composite patch used. As for the second observation concerning the type of patch, the values of (Ki+Ki) obtained for
boron/epoxy are better than those of (graphite/epoxy and glass/epoxy). For the angle of inclination 6 =30° and for
AT=0°C (T=20°C), the value for boron/epoxy of (K;+Ki) is 7 MPa.m!/2but for graphite/epoxy (Ki+Ki)=9.75MPa.m!/2
and for Glass/epoxy the value of (Ki+Ky) 7.75 MPa.m!/2 Therefore, the following conclusions can be as follows
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increasing the angle of the crack inclination leads to a decrease in the values of stress intensity factor (Ki+Ki). On the
other hand, an increase in the temperature induces an increase in the stress intensity factor (Ki+Ki). From the previous
results it can be concluded that the boron/epoxy patch is the best because it gives low values of (IKi+Ki).
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Figure 14: Variation of stress intensity factor (Ki+Ki) vs the temperature T for the circular shape. (a) boron/epoxy, (b)
graphite/epoxy and (c) glass/epoxy.

GENERAL CONCLUSION

he repair of composite materials is a major challenge for the aeronautic transport industries. The repairs currently
used are poorly adapted to low-energy impact damage and are very costly. The purpose of this paper was to study
the behavior of a corroded and cracked plate with an inclined crack under thermomechanical loading using the
finite element method. This work consists in evaluating the damaged area of the adhesive from several effects under
thermal loading. The objective was to calculate the damaged area ratio, determine the stress intensity factor in the mixed
mode (Ki+Ky) repair by composite patch then compare the results for the different shapes of the patch (rectangular,
trapezoidal and circular). The distribution of the damaged areas in the adhesive as well as the stress intensity factor led to
the following conclusions.
The effect of crack inclination 6 for AT=0"C
- For the different shapes of the patch used the value of the Dr decreases with the increase in the crack inclination.
The effect of temperature variation AT for @ =45
- It can be noticed that the more the temperature variation A (T) increases, the more the surface of the damaged area
increases for all the shapes of the patch (rectangular, trapezoidal and circular).
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- The Dr increases with the increase in the temperature variation AT.

- The rectangular shape is to be avoided for the repair because it gives very high values Dr.

- The most efficient shape is the circular shape.

-The increase in the angle of the crack inclination generates a decrease in the stress intensity factor values (Ki+Kiy).
- The increase in temperature leads to an increase in the stress intensity factor (Ki+Kii).

- The Boron/Epoxy type patch is the best because it gives low values of (Ki+Ki).
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