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Since the implementation of the process for repairing damage in aeronau-
tical structures, the composite patch repair process continues to show its
performance with respect to reducing the concentration of stresses in the
vicinity of geometric discontinuities and, therefore, ensures a long
lifespan of the repaired structure. Despite the advantages, which this pro-
cess represents compared to conventional riveting, bolting and welding
processes, this process still remains applicable for secondary structures.
In fact, the exposure of the adhesive to temperature and humidity and the
existence of flaws within the adhesive layer remain a major problem of its
use. Indeed, during the implementation of this process, several defects are
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likely to become integrated into the adhesive layer (cavities, cracks, air
bubbles, etc.) during the preparation of the surface of the damaged plate;
this can lead to inadequate load transfer from the adhesive to the patch.
The analysis of the effect of the presence of this type of defect is im-
portant for the evaluation of the different constraints in the different
substrates. Our work is part of this context; its aim is to employ the fi-
nite-elements’ method to examine the mechanical response of a 2024-T3
aluminium plate, which has been damaged and repaired using a composite
patch subjected to tensile stress in the existence of a bonding defect with
a square shape. The study takes into consideration notch and crack inter-
action effect in the damaged plate, on the one hand, and the position of
the bonding defect, on the other hand. Several factors are highlighted,
namely, the crack length, the applied load and defect position. The inves-
tigation of the stress-intensity factor and the stresses within the assembly
substrates illustrates their dependence on various parameters, particular-
ly, the defect position of the bonding.

Key words: stress-intensity factor composite patch, von Mises stress,
shear stress, peel stress, bonding defect.

3 MOMEHTY BIIPOBaJKE€HHS IIPOIECY PEMOHTY IIOIIKOIKeHb B aBiAMiNHUX
KOHCTPYKIiAX IIPOIleC KOMMIO3WUTHOI JIATKM TIPOJOBIKYE IEeMOHCTPYBATH
CcBOI0 e(DeKTUBHICTh II[OJ0 3MEHIIeHHs KOHIIeHTpaIlil Hampy:KeHb I00Ju3y
TeOMETPUYHUX HepiBHOCTEH i, TaKUM UMHOM, 3a0e3ledyye TPUBAJUIl TepMiH
cay:K01 BiZpeMOHTOBaHOI KOHCTPYKIIii. HesBaskaioun Ha mepeBaru, aki et
IpoIlec Ma€ MOPiBHAHO 3 TPAAUIIMHMMM HIpoIllecaMy 3aKJIeNyBaHHs, 00JITO-
BOTO 3’€THAHHSA Ta 3BapIOBAHHSA, BiH Bce IIe 3aJUINAETHCI MIPUAHATHUM I
BTOPUHHUX KOHCTPYKIIiti. HacmpaBzai, BiuB TeMIlepaTypu Ta BOJOTOCTH Ha
KJel, a TaKOoK HasgBHICTH me(eKTiB y aaresiiiHoMy Imapi 3aHIIIAIOTBCA OC-
HOBHUMHM IIpobGjieMaMu ¥MOro BUKOpPHUCTaHHA. [lificHo, mim uac peamisairii
IBOTO IIPOIleCy iCHye HMOBipHiCTh BOYZOBYBAHHSA y aATe3ifHUNA IIap OeKi-
JbKOX medeKTiB (IIOPOKHUH, TPilllUH, OyJIBOAIIIOK IIOBiTpPS TOINO) IIig udac
MiATOTOBKY IMOBEPXHi MONIKOIMKEHOI IJIACTHMHU, II[0 MOXKe IIPUBECTH OO0 He-
BigmoBimHOI mepemaui HaBaHTa)KeHHsS Big ajresmuBy MO0 JaTKH. AmHajisa
BILIMBY HAABHOCTH TAKOTO TUIY Ae(EKTiB € Ba)KJIMBOIO MIJIS OIIHKK Pi3HUX
o0MerKeHb Ha pisHMX HigkJagmukax. Hamia poboTa € 4aCTHHOIO IILOTO KOH-
TEeKCTYy; il MeTOI0 € BUKOPHCTAHHS METOAY CKiHUYeHHUX eJIeMeHTIiB IJIA JIOC-
JimxeHHA MexaHiuHOI peakIiii amiominiiioBoi miaactuum 2024-T3, aky Oyio
TOIITKOAKEeHO Ta BiPEMOHTOBAHO 3a JOIOMOTOI0 KOMIIOBMTHOI JIATKH, IO
migmaBajiacAd PO3TATYBAHHIO 3a HASBHOCTHU Je(eKTy 3UellJIeHHS KBagpaTHOL
dopmu. HocirigkeHHs BpaxoBye edeKT B3aeMOmil HaApisdy Ta TPIIUHU B
MIOIIKOMKeHill IMIacTuHi, 3 O4HOr0 OOKY, 1 moIoKeHHA AedeKTy 3UellJeHHsd,
3 iHmoro 60oKy. ByJsio BumijsieHo OeKilbKa UMHHUKIB, a caMe, JOBXKHUHY Tpi-
IMUHYU, IPUKJaJeHe HaBaHTAKEHHA Ta NTOJIOXKeHHA nedexty. HocimimxeHHA
KoedimieHTa iHTEHCMBHOCTU HANPYKEHb 1 HANIPY'KeHb y CKJAJAJbHUX IIiJ-
KJaAMHKAX 1JI0cTpye IXHIO 3aJIelKHICTH Bif pi3HMX mapaMeTpiB, 30KpeMa
Big moJiokeHHsA Ae(eKTy 3UYeIlJIeHHd.

Karouori cioBa: KoedilieHT iHTEHCUBHOCTH HaNpPyKeHb, KOMIIO3UTHA JIaT-
Ka, dou MisecoBi Hampy’XeHHS, HAIPYsKEHHA 3CyBY, HAIPYsKEeHHA Bifiia-
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pyBaHHdA, AedeKT 3UenaeHHA.

(Received 28 April, 2024; in final version, 9 July, 2024 )
1. INTRODUCTION

At present, all structures used in the various aeronautical and con-
struction sectors present geometric discontinuities such as cracks,
notches, delaminating and cavities, which are the cause of reduced
structural life under mechanical or thermal stress. Once damage has
been detected in the material, depending on its critical size, engineers
must decide whether or not to repair the structure. Various solutions
were presented, including the patch repair process, which offers sever-
al advantages over bolting, riveting and welding to improve the dura-
bility of the part. This method exhibits greater structural efficiency,
with less structural damage than others. Several researchers have
sought to develop a composite patch [1, 2] capable of transferring max-
imum stress from the damaged zone by optimizing its mechanical
properties, shape, dimensions and above all the nature and volume
fraction of the fibre, in order to provide high resistance to damaged
structures, taking into account all the influencing parameters (me-
chanical load, humidity, temperature, etc.).

The patch repair technique, known for its effectiveness, offers sever-
al advantages over other techniques. Patching generally involves cover-
ing or reinforcing a damaged area with a similar or compatible material
to restore its functionality and improve the life of the structure. The
patch material minimally impacts static strength but significantly in-
fluences fatigue resistance [2]. The technique can be carried out by bolt-
ing, riveting or welding for metal alloys, but experimental, numerical
and analytical studies have demonstrated the effectiveness of bonded
patch repairs in composites for controlling crack propagation in thin
plates [3]. Tsamasphyros et al.[4] conducted a study on composite patch
repair using both analytical and numerical approaches. Wang et al. [5]
investigated the analytical method for stepwise patch repair.

The most widely adopted repair method involves bonding a compo-
site patch onto the damaged area. Technique in the aeronautics field
and its use is becoming increasingly widespread. This technique con-
sists of sticking a composite patch to the damaged region using an ap-
propriate adhesive. The choice of repair method depends on the nature
of the material to be repaired, the damage and its use [6]. Currently, we
are seeking to develop a composite patch capable of transferring as
much as possible the stresses of the damaged zone by optimizing its
mechanical properties, shape, dimensions and especially the fibre’s na-
ture and volume fraction, in order to provide great resistance to dam-
aged structures taking into account all influencing parameters (me-
chanical load, humidity, temperature, etc.). Several researchers [7-9]
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have studied the composite patches effectiveness and have carried out
various optimization analyses regarding composite patch design capa-
ble of transferring maximum stress to the damaged area. Further ex-
perimental investigations have been carried out to improve the per-
formance of composite repair joints by optimizing their geometric pa-
rameters [10, 11]. Mohammed et al. [6] investigated experimentally
and numerically the influence of different shapes of composite-bonded
patches. The finite element method was employed to evaluate how var-
ious parameters of the repair process affect the overall performance of
structures repaired using composite patches [12].

Furthermore, a cracked aluminium plate was subjected to a non-
linear study employing a hybrid repair technique, which involves
bonding a composite patch and drilling holes in opening mode. This in-
vestigation was carried out using finite element analysis methods[13].

On the other hand, the optimization of the adhesive layer takes prec-
edence over that of the composite material due to its superior efficien-
cy, given its role as the weakest link in the structure owing to its infe-
rior mechanical properties compared to those of the plate and the com-
posite. For this, the choice of an adhesive must be suitable for assem-
bling the patch and the plate. This adhesive joint must be characterized
for good use in repair [14]. For example, Dai et al. [15] investigated
how adhesive properties and composite patch configurations influence
the repair process of damaged aluminium alloy plates. Kwon et al. [16]
analysed the adhesive layer to decrease the strain-energy release rate
while repairing the cracked plate on one side.

Currently, the challenge for inspection engineers is the detection of
different defects in the adhesive layer where non-destructive means of
detection are not available [5, 9].

Indeed, the resistance of joints in assemblies is affected by the pres-
ence of bonding defects which will result in poor load transfer and con-
sequently present a challenge for maintenance engineers to propose
methods allowing detection and/or repair. Identify these defects using
the means available to detect whether the bonding surface is healthy or
presents defects[7, 11].

Current research aims to analyse the stress level within the adhesive
joint to determine the high stress concentrations magnitude due to the
presence of these geometric discontinuities.

For this purpose, it is essential to understand, through experi-
mental and numerical analyses, the influence of the presence of defects
in the adhesive layer on the global behaviour of the assembled struc-
tures. Recent researchers [8, 10, 13] have highlighted in their numeri-
cal analysis by finite elements the presence of defects in the adhesive
and were able to analyse their effect on the global response of the as-
sembled structures [17, 18] or in the case of repairing damaged plates
with composite patches [19]. Kaddouri et al.[20] analysed numerically,
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using finite-elements’ analysis, the fracture behaviour of a plate with
damage in the form of a bonding defect, which was then repaired by a
bonded composite patch where they studied the defect position and size
effect. The size and shape of the bonding defect on the adhesive joint
behaviour and consequently on the global response of an assembly was
addressed by Heiderpour et al.[21], where it was shown that, if the de-
fect size is important, it can lead to rapid damage to the structure.

Our work is part of this context and aims to determine the SIF in a
2024-T3 aluminium plate repaired with an epoxy carbon composite
patch. The size effects of a crack emanating from a circular notch in
the plate as well as the defect position of the bonding relative to the
adhesive surface were taken into consideration to analyse the stress
intensity factor. The level of von Mises and shear stresses in relation to
the defect position were presented in this study.

2. MATERIALS AND MODELS

The analysis involves a damaged structure repaired using a composite
patch. This structure contains a 2024-T3 aluminium plate measuring
125x250x2 mm?3. The plate has a circular notch in the centre with a di-
ameter of 6 mm (Fig. 1, a). A crack emanating from the notch will be
considered in the study of variable length a (Fig. 1, a).

A composite patch will be applied to the damaged area of this plate
for repair (Fig. 1, b). The length, width and thickness of the composite
part are respectively £,=80 mm, W,=80 mm and ¢,=2 mm. This patch
is presented in the form of a laminate of 16 layers whose stacking se-
quence is as follows [0]i6. This patch is bonded using Adekit A140 type
adhesive with a thickness of t.=0.2 mm. The shape of the patch was

125 mm 2mm

Notch Crack ———4 ,_F]

250 mm
—
hﬂ

a b

Fig. 1. Schematic representation of: aluminium 2024-T3 plate with crack em-
anating from notch (a), repaired plate with composite patch (b).
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initially chosen square, as it is the most commonly used shape. The
composite patch was simulated as unidirectional layer. This technique
facilitates the incorporation of the real mechanical properties of each
layer according to the fibres’ directions, which is more realistic. The
different mechanical properties necessary for the numerical model us-
ing the ABAQUS calculation code are derived from the tensile tests
(Fig. 2) conducted on the different substrates [22].

From these curves, the different mechanical properties were pre-
sented in Table 1 and which are necessary for the numerical model.

The composite patch is based on high strength carbon fibre and an
epoxy matrix. To introduce the patch mechanical properties, it was
possible to experimentally determine the two different Young’s moduli
according to the longitudinal and transverse direction of the composite
plate [23], but these two properties are not sufficient to successfully
introduce the patch composite mechanical properties in the numerical
analysis as being an orthotropic material, for this purpose both the
carbon fibre and the epoxy matrix properties were introduced into the
Cadec code designed especially for composites to determine the global
properties of the patch based on the stacking sequence. The properties

30
500
450 35
i e 20
o 390 e <
300} / 15
= :
© 750}/ 10
100 5
50
O 002 o0t o6 008 o1 %0 000s 0b1 0015 00z 0025 003 0035
& tS
a b

Fig. 2. Stress—strain curves for the 2024-T3 aluminium plate (a) and Adekit
A140 adhesive (b).

TABLE 1. Aluminium plate and adhesive mechanical properties.

Parameter Aluminium 2024-T3 Adhesive Adekit-A140
Young’s modulus (E) 74400 MPa 2692 MPa
Tensile strength (R.n) 452 MPa 25
Yield strength (Ro.2) 230 MPa 14

Poisson’s ratio (v) 0.3 0.3
Shear modulus (G) 26000 MPa 1000

Elongation (4, %) 10 3.5
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TABLE 2. Mechanical properties of the composite single layer oriented at zero
degree.

. E1 | E2 | E3 G12 | 13 | G23
Materials | \ip, | Mpa | MPa | V12 | V183 | V23 | yipy | MPa | MPa

Carbon/' 128600 9766 9766 0.34 0.34 0.34 5252 4364 4364
pOXy

determined by the Cadec code (essentially the two Young modules)
were compared with those found experimentally where an error of
2.4% was found. The mechanical properties of the single-layer compo-
site utilizing high strength carbon fibre are presented in Table 2.

3. ADHESIVE DEFECT

The strength of a composite patch repaired structure is significantly
influenced by the adhesive’s strength, which has the weakest mechani-
cal properties compared to plate and composite. Indeed, the behaviour
of the adhesive remains a complex subject without an exact solution.
Indeed, adhesive failures can be influenced by operational and envi-
ronmental factors during the application process such as cavities, air
bubbles, cracks, impurities, etc. (Fig. 3). Additionally, poor surface
preparation could be the primary cause of assembly failure.

The majority of studies in the realm of composite patch repair consid-
er the adhesive to be a perfect third material where contact with the
plate and with the patch is made over the entire surface of the damaged
area, or in reality, it is necessary to consider the presence of defects in
order to see their effect on the load transfer to the patch and consequent-

Adhesive
specimens

Fig. 3. Presence of defects during preparation.
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ly on the repaired plate resistance. Our study is based in this context.

4. ANALYSIS METHODOLOGY

Our analysis (Fig. 4) concerns the plate, the composite patch and the
adhesive, with consideration given to the defect position of the bond-
ing (Fig. 3):
e for the plate, a comparison between repaired and non-repaired
plates by determining the SIF at the crack tip;
e for the patch, determine peel stresses;
e for the adhesive, shear and von Mises stresses.

5. RESULTS
5.1. Mesh Selection

To achieve reliable results regarding to the damaged plate, the patch
and the adhesive, it is necessary to choose an adequate mesh for the
three substrates. The mesh was refined, particularly in the damaged
area, and subsequently on the adhesive and the patch until stable stress
values were attained, particularly at the notch level. Indeed, the von
Mises stress variation analysis regarding the unrepaired plate mid-
width (Fig. 5) show clearly that the mesh elements density has an influ-
ence in relation to the maximum value at the level of the notch where a
variation of the value stress can reach 10%. However, far from the
notch the density of mesh elements does not have a significant effect.
Likewise, the global plate response in terms of displacement load
was analysed with changes in the mesh elements density (Fig. 6). The

Plate study

| . Vﬂgﬁjg?gcﬁls%te | | Repaired itructure

Crack size effect Analyze

hJ 1| Shear+Von Peel y '
Stress intensity factor |<'Results 1 | Mises stresses || stress ||Stress intensity factor|

Fig. 4. Analysis methodology flowchart.
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Fig. 5. Von Mises stress variation according to the unrepaired plate mid-
width.
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Fig. 6. Applied stress as a function of plate deformation for different numbers
of mesh elements of type C3D8R.

obtained results show that the element density has no influence on the
elastic part. On the other hand, mesh element density does have an in-
fluence on the plastic part, with a slight variation in stress and a devia-
tion in plate deformation.

Finally, the type of mesh elements chosen is C3D8R, which is the
most used for the mechanical analysis of structures. The density of
mesh elements is varied in our study until it has a well-refined struc-
ture as shown in Fig. 4.

In the case of a notched plate with crack emanating from a notch, the
damaged part of the plate has been refined more and more, as shown in
Fig. 4, where the elements number varies as per to the crack size. At
the notch level, refinement was done to a point where the circular
shape appears clearly. Depending on the thickness of the structure, the
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TABLE 3. The number of nodes and elements of unrepaired and repaired
plate.

Semi-circular notch and crack
Crack length Nodes/Elements

Unrepaired Repaired
Nodes 32022 50513
10 mm
Elements 20880 35280
Nodes 39024 57515
30 mm
Elements 25426 39826

plate was meshed with 4 elements, while the adhesive layer has 2 ele-
ments, and the composite patch has 8 elements.

For the boundary conditions, a uniaxial loading was applied to the
upper part of the plate with amplitude of 6 =100 MPa along the y-axis;
the lower plate part is considered as embedded where the displacements
and rotations are considered null.

5.2. Variation of K;in Relation to Defect Position

To analyse how the presence of a bonding defect affects the fracture
behaviour of the repaired structure, the presence of a square-shaped
bonding defect with a surface area of 9 mm? was assumed at different
locations on the adhesive surface (Fig. 8). A number of 14 defects posi-
tions were taken into account within the adhesive layer and given the
symmetry we considered that the presence of the defect only on the up-
per part as shown in Fig. 8. For the analysis of the SIF at the crack tip,
two cracks lengths (10 mm and 30 mm) emanating from the circular

Fig. 7. Mesh details.
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Fig. 8. Graphic representation of the different defect positions in the adhesive
layer.
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Fig. 9. The SIF variation as per of the crack length for a repaired and unre-
paired plate.

notch were considered.

For each crack length, we varied the position of the defect according
to the 14 possible cases. For defects 4 and 7, they are chosen so that
their position will be in contact with the head of the crack. Defect 4 is
located at the head of the 10 mm crack, while this same defect will be in
position 7 for the size of the crack 30 mm.

5.2.1. Effect of the Repair Patch in the Absence of Adhesive Defect

In the first case, the analysis focused on evaluating the effect of the
repair patch on the value of the SIF as a function of the crack length.
The calculation of the SIF (K/) as per of the crack length is presented in
Fig. 9. It is clear in Fig. 9 that the composite patch absorbs the stresses
in the damaged area via the adhesive used and minimizes the high
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Fig. 10. SIF K, variation as per of adhesive defect positions.

stress concentration at the crack and notch. The value of K; at the
crack tip augments with the increase in crack length and is reduced by
almost 70% compared to the unrepaired plate.

5.2.2. Repaired Plate with Adhesive Defect

For this part of the study, the presence of defects at the 14 positions
suggested in Fig. 5 was taken into account. We analysed the stress in-
tensity factor value for two crack lengths (a =10 mm and a =30 mm).
The first crack is located near the notch and far from the free edge of
the patch, while the second crack is of significant length and situated
near the defect, close to the free edge of the patch and the adhesive.
The results of the SIF variation with respect to the different positions
of the bonding defect are presented in Fig. 10.

For a crack length a =10 mm, the SIF values are almost identical for
the different defect positions. The lowest value is noted for defect posi-
tion P2 and the highest value is for defect position P5 (Fig. 10, a). The
stress intensity factor value for the case where the defect is in contact
with the notch illustrates an increase of almost 60% compared to other
positions. The defect position proximate to the notch and at the free edg-
es ensures poor load transfer, leading to a high concentration of stresses.

For crack length (30 mm), the value of the SIF is very high compared
to those of 10 mm of crack length. The lowest value is noted for defect
position P13 and the highest value is for defect position P7. At these
positions, the defect is at crack tip level, so load transfer to the patch is
minimal, and the majority of stresses remain at crack level, resulting
in a high SIF value in the plate (Fig. 10).

5.2.3. Shear Stress Level of the Adhesive (Notch Plate with 10 mm
Crack) for Different Defect Positions

Analysing the variation of shear stress within the adhesive joint pro-
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Fig. 11. Shear stress level in the adhesive joint as per of the position of the de-
fect. (where WD: adhesive without defect, P: defect position in the adhesive).

vides a deeper understanding of the adhesive’s role in load transfer
and, consequently, in the failure behaviour of the repaired plate. For
this analysis, the defect size of 9 mm?, square in shape, was maintained
at the 14 proposed positions (Fig. 11).

Figure 11 shows the analysis of the defect position effect on the level
of shear stresses in the adhesive layer. The stress distribution clearly
shows that the maximum shear stresses are concentrated at the two edg-
es of the adhesive and in contact with the notch and the crack. In most
cases of defect positions, the adhesive has a central inactive zone only a
small area which is in contact with the notch and crack. Defects, which
are far from areas of high stress concentration, do not disrupt the stress
distribution in the adhesive layer. The shear stress value is generally
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maximal in the presence of the bonding defect except in the case where
the defect is situated far from areas of high concentration of stresses.

5.2.4.Von Mises Stress Levels in the Adhesive for Different Defect
Positions with a 10 mm Crack in the Plate

The adhesive in a damaged and repaired structure is subjected to vari-
ous stresses. Therefore, it is also important to analyse the equivalent
stress to understand, if the adhesive is operating in the elastic or plas-
tic domain.

Figure 12 illustrates the analysis of the effect of the bonding defect
position on the value of the von Mises stress in the adhesive. It is ob-

WD

S, Mses
(Avg: 75%)

Fig. 12. Von Mises stress levels in the adhesive for different defect positions
defect (notched plate with crack length a = 10 mm).
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served that for this minimum crack length of 10 mm, the defect posi-
tion significantly influences the von Mises stress value and, conse-
quently, the adhesive joint strength.

The presence of a crack emanating from a notch causes a significant
stress concentration within the plate, consequently increasing the load
transfer to the patch significantly, inducing the adhesive to absorb a
large amount of this load. Without a bonding defect, the von Mises
stress exceeds its rupture limit by a significant margin, indicating that
the adhesive under this loading condition may experience delamina-
tion.

The presence of the bonding defect increases the von Mises stress
value, and this difference based on the defect position. It is observed
that position 8 of the defect significantly affects the von Mises stress
value, as this position is in contact with both the notch and the crack.

5.2.5. Maximum Von Mises Stress and Shear Stress Level in the Ad-
hesive for Different Defect Positions with 10 mm Crack in the Plate

Based on the results presented in Figs. 11 and 12 regarding the stress
level in the adhesive joint, an attempt was made to group the maximum
von Mises values and shear stresses for each defect position. Figure 13
illustrates the maximum von Mises and shear stresses variation as per
the defect position. It is observed that when the adhesive defect is lo-
cated proximate the crack or notch, the stress concentration is higher
and the shear stress value is therefore greater on the crack side and
when the defect is situated on the free edge of the adhesive.

For this crack size, most defect positions in the adhesive layer result

P8 Notch plate with 10 mm crack
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Fig. 13. Maximum von Mises stress and shear stress variation as per of bond
defect position.
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in a significant increase in the von Mises stress, which can greatly ex-
ceed the failure stress value of the adhesive.

5.2.6. Peel Stress Levels in the Composite Patch for Different Defect
Positions with a 10 mm Crack in the Plate

Figure 14 shows the value of the peeling stress in the patch, which var-
ies according to the defect position. These peeling stresses are concen-
trated at the level of contact with the crack, the notch and at the two
edges of the patch. For this crack length and considering the signifi-
cant the plate size, the composite patch is not subjected to significant

330100
34tiesc0

L300 re

01
3(
*01
1
A0%e000
Eiseieed S
Jeed0
e
o1
a0
3
1000

Fig. 14. Peeling stress level in the patch as per of defect position.
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peel stress. The presence of a bonding defect only minimally disturbs
the peel stress value in the patch, given its minimal size.

5.2.7. Shear Stress Levels in the Adhesive for Different Defect Posi-
tions with a 30 mm Crack in the Plate

As the crack size augment, the adhesive becomes highly stressed, and
the shear stress value becomes higher. Figure 15 illustrates the shear
stress level in the adhesive as per of defect position for a crack length
of 30 mm, where it varies according to the position of the defect in the
adhesive layer.

For this significant crack length, and considering the small defect
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Fig. 15. Shear stress level in the adhesive for different defect positions
(notched plate with crack length a = 30 mm).
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f13

Fig. 16. Von Mises stresses level in the adhesive for different defect positions
(crack emanating from notch of length a = 30 mm)

size, the majority of shear stresses are concentrated at the contact
point with the crack. Even the adhesive edges are not heavily stressed.

5.2.8. Von Mises Stress Levels in the Adhesive for Different Defect
Positions with a 30 mm Crack in the Plate

For this 30 mm crack length at plate level, Figure 16 shows the von
Mises stress values are very high for any defect position. Relative to all
defect positions, the von Mises stress value is well above the adhesive
failure stress. Similarly, to shear stress, the von Mises stresses are
concentrated in proximate to the crack.
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Fig. 17. Peeling stress level in the patch as per of defect positions.

5.2.9. Peel Stress Levels in the Patch for Different Defect Positions
with a 30 mm Crack in the Plate

In Figure 17, it is evident that the peeling stress concentration is al-
ways in the zone where the crack is located in the plate.

5.2.10. Maximum Von Mises Stress and Shear Stress Variation as
per of Bonding Defect Position for Different Defect Positions with
30 mm Crackin the Plate

Figure 18 shows the maximum von Mises stress and shear stress varia-
tion in the adhesive layer as a function of different bonding defect posi-
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Fig. 18. Maximum von Mises and shear stresses’ variation in the adhesive lay-
er as per of bond defect position.

tions. The highest shear stress value is noted in the case where the defect
is situated at position (P£5). On the other hand, the zone of high von Mis-
es stress concentration is noted at crack level, and increases if the defect
is located approximately this zone and at the free edge level (P2).

6. CONCLUSION

The work presented in this study aims to investigate the impact of the
presence of a square shape defect according to different positions in the
adhesive layer. The study involves considering the determination of the
stress intensity factor in the plate, the von Mises and shear stresses in
the adhesive joint and peel stresses in the composite patch. Based on the
presented results, the following conclusions can be drawn.

The presence of a crack emanating from a notch generates more
stress concentration in the plate and therefore its repair by the compo-
site patch bonding process is important.

Patch repair augment the plate strength and reduces the stress con-
centration at the notch and crack. The SIF value decreases by more
than 50% for the case of the repaired plate.

The presence of a defect in the adhesive layer, even in minimum size,
influences the value of the shear stress and stress placed in the adhe-
sive joint and consequently on the load transfer to the patch so that the
value of the intensity factor stress increases considerably depending
on the position of the defect. For a minimum crack size, the presence of
the defect slightly influences the stress values in the adhesive joint.
However, if the crack size in the plate is large, the presence of the
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bonding defect generates a considerable variation in the contents in
the adhesive joint and consequently high SIF values.

If the defect in the adhesive layer occurs near the notch, the crack or
at the free edge, there is a high shear and von stress value and poor
load transfer to the patch.
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