
 

196 

УДК 539.4 
EDN LJSDEA (https://elibrary.ru/ljsdea) 
DOI 10.33113/mkmk.ras.2023.29.02.04 

 

EXPERIMENTAL STUDY AND NUMERICAL ANALYSIS  
OF THE EFFECT OF TEMPERATURE ON DAMAGED AND NOTCHED 

COMPOSITE PLATES REPAIRED WITH COMPOSITE MATERIALS 
UNDER THERMAL LOADING 

 
Berrahou Mohamed, Belkadour Leila 

 
University of Relizane, Relizane, Algeria 

 
 

ABSTRACT 
 

This research presents the results of an experimental and analytical program to study the 
effect of thermal loading on the mechanical properties of the most commonly used composite 
materials at present temps in the market, as well as the effect of the stacking sequence and fiber 
orientations on the hardness of these materials under different temperatures (room temperature 
(~20оC) and their elevation to extreme temperatures 40, 60, 80, 100оC). In this sense, this study 
was conducted in two phases: the first is an experimental study that includes practical tests  
on the tensile strength of several types of composites at different temperatures, in addition  
to tests on different fibers orientations under different thermal loads. As for the second study,  
it is an analytical study using the ABAQUS program, related to the analysis of the thermal 
effect on stress intensity factor (SIF), stress concentration factor (SCF), and the stresses 
distribution for different stacking sequences. The conclusion drawn from both studies is that the 
general mechanical properties of composite materials decrease with increasing temperature,  
as these materials are negatively affected by increasing temperature. 
 

Keywords: composite; ultimate strength uσ ; stress intensity factor (SIF); stress concentration 
factor (SCF); von Mises Stress 
 
 

1. INTRODUCTION 
 

The field of use of repairs and reinforcements with composite materials has been 
expanded in recent years, due to its advantages and excellent properties compared  
to traditional materials used, especially in the fields of aviation, marine and aerospace, 
such as higher strength and toughness to weight ratio, improved wear, environmental 
resistance, design flexibility, improved fatigue life, and potential reduction  
in processing, manufacturing and life cycle cost [1,2]. The selection of composite 
materials for the target repair is based on the initial performance and functional 
expectations of the repaired structure, as well as the maintenance of this performance 
throughout the service life. However, these materials also have their drawbacks and 
disadvantages that are now areas of recent research and studies. Among these axes are 
the wear and corrosion of composites and the effect of stacking sequences and fiber 
orientations on the toughness of repairs [3]. 

The temperature has a great influence on the behavior and performance  
of composite materials. Some researchers have investigated the effects of temperature 
on the composites mechanical properties. There is a study conducted by researcher 
Soutis and Turkmen in which they analyzed the effects of humidity and temperature  
on compressive strength and failure of unidirectional glass-polypropylene laminated 
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plates. One of their most important observations is that sample failure always occurs  
as a result of precise out-of-plane micro buckling. This is due to the decrease in the 
strength of the matrix with increasing temperature, which confirms the effect of this 
phenomenon on the behavior of composite materials [4]. In addition to, an experimental 
study of the compressive failure of carbon-epoxy laminated plates at high temperatures 
between 20 and 100оC, using untabbed specimens, and proved that there is no damage 
to the surface layers. Sample preparation costs are greatly reduced due to the 
unrestricted tabs performed by Soutis et al. [5]. El-Hawary and Abdel-Fattah [6] studied 
the compressive strength, tensile strength, stiffness, modulus of elasticity and stress-
strain relationships under repeated loading of resin concrete cylinders prepared using 
different types of resins such as epoxy and polyester, and at different rates in four 
different temperature stations ranging from room temperature 20оC to the maximum 
possible degree in reality 200оC. From the test results, it is evident that the compressive 
strength increases with increasing temperature and the amount of epoxy. The same 
results were obtained for the hardness of polymer concrete. By increasing  
the temperature, the modulus of elasticity does not change significantly, while  
the tensile strength decreases. 

In addition to all these studies, studies on the behavior of composite materials 
under high and elevated temperatures have been conducted. However, glass-carbon and 
carbon-glass composite laminates have shown poor mechanical behavior under high and 
elevated temperatures and may reduce the life of structures designed using these 
materials [7-10]. When the working temperatures of the structures are above the glass 
transition temperatures (Tg) of the matrix, the materials become softer and may collapse 
[11]. The elevated temperature may be attributed to chemical and/or physical damages 
caused by the polymer matrix, loss of adhesion at the fiber/matrix interface, and/or 
reduced strength and stiffness of the fibers [12]. The thermal effect on composites has 
been carefully studied, according to [13] the higher the temperature, the more 
significantly the mechanical properties of the composites are modified, the distribution 
of stress concentrations can then be varied, highlighting several potential damage states. 
Compounds are generally sensitive to thermal effects, and these effects have reduced 
the mechanical strength of the composite material, affecting the repair efficiency [14]. 

The focus of this study is the effect of fibers orientation of composite materials 
under thermal influence on the general behavior of the composite [15]. The geometric 
arrangement of the fibers and their shapes can cause significant anisotropy. In this 
sense, Benkhira [16] conducted a study on improving the shape of the composite patch. 
An experimental study of the mechanical behavior of a fiber-reinforced composite plate 
was performed by Vu et al. [17] in order to study the assembly of a composite plate.  
In addition, in [18] the effect of sheet fiber length and fragmentation size on the 
mechanical behavior of plates was examined. 

The analytical results of a study by [19] showed that the assumption of 2-D fiber 
random orientation is suitable for unreinforced ultra-high-performance fiber-reinforced 
concrete beam (UHPFRC), while 3-D random fiber orientation assumption is suitable  
to reinforce with steel, UHPFRC beams and glass fiber-reinforced polymer (GFRP) 
rebar due to fiber alignment disturbance from internal reinforcements. [20] evaluated 
the effect of residual stresses from fabrication of imperfect surfaces on stress crack 
growth in nickel-based super alloys. The performance of the repair depends on the 
method of assembly between the substrate and the repair patch. Recent literature has 
studied stress concentration factor changes around cracks to avoid their propagation 
[21,22]. SIF (stress intensity factor) depends on many parameters such as mechanical 
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properties of materials, type of loading, size and geometry of the structure. In addition 
to all these studies, the researcher Berrahou Mohamed with a group of researchers  
in a laboratory at the University of Sidi Bel Abbes in Algeria studied the thermal effect 
on the cracked and corroded plate using the ABAQUS program, where they proved that 
the adhesives are subject to deterioration under the thermal effect during service [23]. 

This paper aims to study the effect of temperature on the deterioration of the 
mechanical behavior of unidirectional composite plates. The static mechanical 
properties of the composite films were determined at different temperatures ranging 
from room temperature 20оC to high temperatures of up to 100оC. In this work, two 
methods of analysis were used, the first is the experimental method which depends  
on studying the effect of heat on the ultimate strength of the composite material damage 
according to different fiber directions of the composite plates, and on the hardness  
of the plates of different types of supple and stiff repairs. The second method  
is numerical analyzes using the ABAQUS program, where we analyzed the thermal 
effect on the stress intensity factor SIF, the stress concentration factor SCF, and the Von 
Mises stress with respect to the different stacking sequence. 
 
 

2. GEOMETRICAL MODEL 
 

We consider a notched and cracked rectangular plate made of various types  
of composite materials (Boron/epoxy, graphite/epoxy, glass/epoxy) with the following 
dimensions (height H 204= mm, width W 152= mm and thickness E_P 3.2= mm) 
containing a V-shaped cut having the following dimensions: (radius r 15.2= mm, 
b 23.8= mm), The plate was repaired with a simple composite patch (Boron/epoxy)  
of constant thickness 1.6pae = mm. In order to analyze the effect of patch shape, three 
patch geometries were chosen in this study: (A) total, (B) normal and (C) V-shaped, this 
patches and model of the structure shown in fig.1. The patch is glued with 0.127 mm 
thick adhesive. The structure composed of the plate is stressed by uniaxial traction 

120σ = MPa. 
 

 
Fig.1. Geometric model of structure and for (total, normal and V) patch shape. 
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The mechanical properties of the different types of materials are given in Table 1 
below. 

Table 1. 
Mechanical properties of different materials [22]. 

Description boron/epoxy graphite/ 
epoxy glass/epoxy Adhesive 

(FM73) 
Young’s modulus in X  
direction (GPa) E1 200 127.5 50 2.550 

Young’s modulus in Y  
direction (GPa) E2 19.6 9.00 25  

Young’s modulus in Z  
direction (GPa) E3 19.6 4.80 25  

Poisson’s Ratio in X-Y 
plan υ12 0.3 0.342 0.21 0.32 

Poisson’s Ratio in X-Z 
plan υ13 0.28 0.342 0.21  

Poisson’s Ratio in Y-Z 
plan υ23 0.28 0.38 0.21  

Shear modulus in X-Y 
plan (GPa) G12 7.2 4.8 7.2  

Shear modulus in X-Z 
plan (GPa) G13 5.5 4.8 5.5  

Shear modulus in Y-Z 
plan (GPa) G23 5.5 2.55 5.5  

 
 

3. RESULTS AND DISCUSSION 
 

This study relied on two aspects, an experimental and numerical analysis aspect, 
and then a comparison between their results. In both sides we wanted to study the effect 
of heat on the behavior of composite plates. 

In the first part, we chose a V-shaped composite plate repaired with several types 
of composite (boron / epoxy, graphite / epoxy and glass / epoxy) with the stacking 
sequence [0/45/-45/90] seconds. This panel is subjected to a pure tension of 120σ = Pa 
to study the maximum failure strength, as well as the effect of thermal effect  
on the mechanical properties of the composite plates. 
 

3.1. Experimental Part. 
 

The recent literature shows that the performance of repairs based on the 
technology of composite materials depends not only on the rigidity, but also on the 
stacking sequence and fiber directions of the structures and the effect of loading, 
whether mechanical or thermal. For this reason, this stage has been divided into two 
parts. 

The first stage is aimed at evaluating the ultimate strength of failure on the plate 
made of several types of composite (boron/epoxy, graphite/epoxy and glass/epoxy), 
with a V-shaped notch is shown in fig.2. 

The considered compound consists of a uniform fiber direction [0/45/-45/90]s, 
which makes it possible to focus only on thermal stress to choose the compound with 
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the best tear resistance and resistance to thermal loads. In the second phase, we analyze 
the thermal effect on the elastic properties of the same composite plates. 
 

 
Fig.2. Composite plates: (1) boron / epoxy, (2) glass / epoxy and (3) graphite / epoxy. 
 

3.1.1. Ultimate strength of the failure of different composites types for ambient 
temperature T=20oC. 

 
According to fig.3, we can see that the longitudinal direction  

of graphite/epoxy has the best resistance to rupture since its maximum stress is the 
highest (800 MPa) by a rate of 50% compared to the other types of composites. 

For the transverse direction, the failure strength was reduced to half of the 
longitudinal direction (ϴ=0°). The maximum stress was at 220 MPa, that  
of graphite/epoxy. The other types of composites (boron/epoxy and glass/epoxy) have 
lower stresses by a rate of 50% less than graphite/epoxy. 

For the longitudinal compressive and transverse compressive directions have  
the same behavior as the two other directions mentioned above. The breaking stress  
of graphite/epoxy is Twice more efficient compared to other types of composites. 
 

 
Fig.3. Effect of temperature on the mechanical properties of composite plates. 
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3.1.2. Study of ultimate strength as a function of temperature for the 
graphite/epoxy composite. 

 
This study is equipped to evaluate the loss of stiffness during the influence  

of varying temperatures on composite plates, by accentuating the effect of fiber 
orientation on the stiffness of laminated composite structures. 

Fig.4 shows the variations in ultimate strength as a function of thermal variations 
for the composite plate type (graphite/epoxy), and for four fiber orientations: 
longitudinal tensile, transverse tensile, longitudinal compressive and transverse 
compressive. 

The failure strength maintained its value in the vicinity of (800-700) MPa  
up to 60oC of temperature for the transverse direction of the fibers, and begins to reduce 
up to half (50%) at 100oC. 

For the longitudinal compressive direction, the elastic modulus is lower by a rate 
of 60% than that of the transverse direction of the fibers. But the two other directions  
of orientation of the remaining fibers practically have very low modulus of elasticity  
for all the degrees of temperature applied. 
 

 
Fig.4. Elastic modulus values as a function of temperature for the graphite/epoxy 

composite material in several fiber orientations. 
 

3.1.3. Study of laod- displacement as a function of temperature for the 
graphite/epoxy composite. 

 
Fig.5 shows the effect of heat on the case of a V-notched graphite/epoxy plate. 

This figure shows the differences in tensile stress with displacement of graphite/epoxy 
samples at different temperature ranges. After examining the results, it was found that 
the increase in temperature, especially above 60oC reduces the efficiency  
of the composite material, which increases the risk of damage and deterioration  
of its mechanical properties. 
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Fig.5. Load-displacement curves as a function of temperature. 

 
3.2. Simulation Part. 

 
In this part, we simulated a plate made of several types of composite with  

a V-shaped notch repaired by a glass/epoxy patch in several shapes (Total, Normal  
and U-shaped) glued by FM73 type bonding with a thickness of 127 mm. 
 

3.2.1. Finite element model. 
 

The analysis involves a three-dimensional finite element method using the finite 
element code ABAQUS [24]. The finite element model is composed of three 
subsections for a cracked composite plate with a V-shaped notch, the adhesive, and the 
composite part (patch). The plate has two layers of elements in the thickness direction, 
the patch and the adhesive had a single layer of elements through the thickness. The 
mesh model contains 12148 quadratic hexahedral elements of type C3D20R. Total 
number of nodes is 68829. The size of the side of an element equal to 0.016 mm for 
the whole structure and 0.004 mm in the vicinity of the notch, the notched plate and the 
patch as well as the adhesive have a linear elastic behavior. This mesh of the notched 
and cracked specimen repaired with different shapes of the patches used for the three-
dimensional numerical analysis is shown on the fig.6, and the boundary conditions 
imposed on the plate analyzed are represented as follows in fig.7. 
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Fig.6. Mesh model. 

 

 
Fig.7. The boundary conditions of the geometrical model. 

 
The lamination of the plate comprises eight [0/45/-45/90]S stacking sequence 

plies, the thickness of an elementary ply of which is 0.4 mm. The patch is four folds 
of sequence [0/45/-45/90]. The thickness of an elementary ply is 0.4 mm (see fig.8). 
 

 
Fig.8. Plies orientation in the patch and plate. 
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3.2.2. Variation of the damaged zone of adhesive for different type’s plates. 
 

We have established this part at the end of recovery of the evolution  
of the damaged zone in the adhesive layer in FM73 within a V-shaped notched plate  
in different types of composite materials (Boron / epoxy, Glass / epoxy and Graphite / 
epoxy) with a longitudinal crack a (mm) repaired with a composite patch (Boron/epoxy) 
of geometric shape (total, normal, V-shaped). The damaged area theory was used. 

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 

( )
( ) ( ) ( )2 2 2

1 2 2 3 3 2
1 .

2 1
equiv p p p p p pXε ε ε ε ε ε ε

ϑ
= − + − + −

+
  (1) 

Where equivε  is the equivalent stain, 𝜀𝜀𝑝𝑝𝑝𝑝  are the plastic strains in the different 
directions and ϑ  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. 

The failure criterion is determined for each stress exerted when it reaches  
the maximum stress allowed in the material, the area of damage will be determined  
as the area where the stress of the FM-73 adhesive exceeds 7.87% of the area  
of damage. Shang Bang after having carried out studies on the FM-73 that the latter  
no longer provides an adequate function of binder when the value of the DR ratio 
exceeds 0.24 which considers it as a critical value [25]. The value of the damaged area 
ratio is calculated according to the following relationship 

DR = sum of damaged areas / total adhesive area. 
 

Boron/epoxy plate 
 

Fig.9 represents the results obtained which make it possible to follow  
the development of the damaged area of the adhesive for a V-notched boron/epoxy 
composite plate repaired by boron/epoxy patch of shape (gross, normal and V-shaped). 
It can be seen by following the damaged area, which increases with temperature, 
especially above T = 60oC (ΔT = 40oC). We note that the damaged area appears very 
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little around the notch area and increases more with increasing temperature to include 
the edge area also, for a V-shaped patch. 
 

∆T=0oC ∆T=40oC ∆T=80oC 
Total shape patch 

   
Normal shape patch 

   
V-shape patch 

   
Fig.9. Damaged area of FM73 adhesive vs the temperature for Boron/epoxy plate, 

patch shape (total, normal, V-shaped). 
 

Graphite/epoxy plate 
 

Fig.10 presents the obtained results that allow following the development  
of the damaged area of the adhesive for a graphite/epoxy composite plate repaired with 
a boron/epoxy composite patch with different shapes. It is noted that the appearance  
of the damaged area increases with increasing temperature, and this increase appears 
clearly in the vicinity of the notch and at the edges of the patch. 
 

∆T=0oC ∆T=40oC ∆T=80oC 
Total shape patch 
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Normal shape patch 

   
V-shape patch 

   
Fig.10. Damaged area of FM73 adhesive vs the temperature for Graphite/epoxy plate, 

patch shape (total, normal, V-shaped). 
 

Glass/epoxy plate 
 

Fig.11 shows the results obtained for the differences in the damaged area  
of the adhesive for a glass/epoxy notched plate repaired by boron/epoxy patch and with 
different shapes (Total, normal and V shaped). It is noted that the damaged area 
increases with increasing temperature until it reaches its maximum at temperature 
T = 100oC, where we note that the damaged area includes the notch area and extends  
to include the area of the edges of the patch for all shapes of the patch. 
 

∆T=0oC ∆T=40oC ∆T=80oC 
Total shape patch 

   
Normal shape patch 
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V-shape patch 

   
Fig.11. Damaged area of FM73 adhesive vs the temperature for Glass/epoxy plate, patch 

shape (total, normal, V-shaped). 
 

3.2.3. Variation of the damaged area ratio of the adhesive as a function  
of temperature for different shapes patch. 

 

Boron/epoxy plate Graphite/epoxy plate 

  
 

Glass/epoxy plate 

 
Fig.12. Report of the damaged area DR for a plate in (Boron/epoxy, Graphite/epoxy and 

Glass/epoxy) repaired by composite patch of different shapes. 
 

Fig.12 represents the results of calculating the damaged area ratio (DR) according 
to temperature, for notched plates of different composite materials (boron / epoxy, 
graphite / epoxy and glass / epoxy), repaired by boron / Epoxy patch for the same FM73 
adhesive. The results show that all DR values are less than the critical DR value 
(0.2474). According to the above curves, it is seen that an increase in temperature leads 
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to an increase in DR. When comparing the materials used, we saw that boron / epoxy  
is the most efficient compound because it gives lower DR values than other materials. 
And we also concluded that the use of the patch with the total shape is more positive 
compared to the other shapes because it covers and protects all areas of the plate. 
 

3.2.4. Effect of temperature on the stress intensity factor. 
 

The stress intensity factor (SIF) at the crack front was extracted using the virtual 
crack closure technique (VCCT). The virtual crack closure technique (VCCT) criterion 
uses the principles of linear elastic fracture mechanics (LEFM) and, therefore,  
is appropriate for problems in which brittle crack propagation occurs along predefined 
surfaces. VCCT is based on the assumption that the strain energy released when a crack 
is extended by a certain amount is the same as the energy required closing the crack  
by the same amount. 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 

2
i

i
KG .
E

=            (2) 

Where iG  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. 

x

y

xy

K θ θ 3θσ cos 1 sin sin ,
2 2 22πr

K θ θ 3θσ cos 1 sin sin ,
2 2 22πr

K θ θ 3θσ sin cos cos /
2 2 22πr

 = −  
 = +  
 =   

       (3) 

The stress in the third direction are given by 0z xz yzσ σ σ= = =  for the plane 
stress problem, and when the third directional strains are zero (plane strain problem), 
the out of plane stresses become 0,xz yzσ σ= =  and ( ) .z x yσ ϑ σ σ= +  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 Equations 2. 

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. 

https://en.wikipedia.org/wiki/Fracture_mechanics
https://en.wikipedia.org/wiki/Stress_(mechanics)
https://en.wikipedia.org/wiki/Notch_(engineering)
https://en.wikipedia.org/wiki/Structural_load
https://en.wikipedia.org/wiki/Residual_stress
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Brittleness
https://en.wikipedia.org/wiki/Damage_tolerance
https://en.wikipedia.org/wiki/Yield_(engineering)
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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 [26] 

aK σ πaf .
W

 =  
 

         (4) 

Where af
W

 
 
 

 is a specimen geometry dependent function of the crack length a, 

the specimen width W, and σ is the applied stress. 
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 linearly 
independent cracking modes.[27] These load types are categorized as Mode I, II, or III 
as shown in the fig.13. Mode I is an opening (tensile) mode, where the crack surfaces 
move directly apart. Mode II is a sliding (in-plane shear) mode, where 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 KI and applied  
to the crack opening mode. The mode II stress intensity factor KII, applies to the crack 
sliding mode and the mode III stress intensity factor KIII applies to the tearing mode. 
These factors are formally defined as [28] 

( )

( )

( )

0

0

0

lim 2 ,0 ,

lim 2 ,0 ,

lim 2 ,0 .

I yyr

II yxr

III yzr

K r r

K r r

K r r

π σ

π σ

π σ

→

→

→

=

=

=

        (5) 

 

 
Fig.13. Schematic representation of crack loading for Mode I, Mode II and Mode III. 

 

( )2 4

,

1 0.025 0.06 ,
2

IK a

sec

αβ π

απβ α α

=

= − +
      (6) 

where 
IK = Stress intensity factor, 

β =Geometry factor, 
2 ,a Wα =  

2a =Crack length, 

https://en.wikipedia.org/wiki/Notch_(engineering)
https://en.wikipedia.org/wiki/Stress_intensity_factor#cite_note-ander-1
https://en.wikipedia.org/wiki/George_Rankine_Irwin
https://en.wikipedia.org/wiki/Stress_intensity_factor#cite_note-suresh04-6
https://en.wikipedia.org/wiki/Tensile_stress
https://en.wikipedia.org/wiki/Shear_stress
https://en.wikipedia.org/wiki/Antiplane_shear
https://en.wikipedia.org/wiki/Stress_intensity_factor#cite_note-rooke-7
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W =Width of the plate, 
σ = Force applied. 

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

2

1 0.326
2 .

1
I

a a
b bK a

a
b

σ π

  − +  
  =

 
− 

 

      (7) 

This study is made on a V-shaped notched plate and cracked horizontally  
in the middle of the notch, this plate is made of several composite materials and repaired 
with a V-shaped Boron/epoxy patch. The objective of this study is to evaluate the stress 
intensity around the crack as a function of temperature variations. Fig.14 presents 
similar ascending graphs for the 03 types of composites. 

In the temperature range of 0oC to 40oC, the stress intensity factor values increase 
rapidly from 6 to 14 MPa m1/2, but in the range [40oC-100oC], the graphs develop 
slightly from 14 to 18 MPa m1/2. According to the figure, the Boron/epoxy had the 
lowest SIF values compared to the other types of composite with a rate of 22%. 
 

 
Fig.14. Variation of stress intensity factor SIF (MPa m1⁄2) as a function  

of temperature (oC) for notched (Boron/epoxy, Graphite/epoxy and Glass/epoxy) 
plates and repaired with a patch (V-shaped) of boron/epoxy, FM73 adhesive. 

 
3.2.5. Effect of patch layering. 

 
Patch thickness is an important parameter for repairing cracked structures and 

improving their resistance. For this reason, fig.15 shows the effect of temperature on the 
SCF of a laminated boron/epoxy composite plate with a [0/45/-45/90]s stacking 
sequence and a patch of the same compound with a [0/45/-45/90] stacking sequence. 

The stress concentration factor, tK ,  is the ratio of the highest stress maxσ    
to a nominal stress nomσ    of the gross cross-section and defined as 

max
t

nom

σK .
σ

=            (8) 
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Note that the dimensionless stress concentration factor is a function of the 
geometry shape and independent of its size. These factors can be found in typical 
engineering reference materials. 

E. Kirsch derived the equations for the elastic stress distribution around a hole. 
The maximum stress felt near a hole or notch occurs in the area of lowest radius  
of curvature. In an elliptical hole of length 2a and width 2b, under a far-field stress 0σ , 
the stress at the ends of the major axes is given by Inglis’ equation 

max 0
a aσ σ 1 2 1 2 .
b ρ

  = + = +  
   

       (9) 

Where ρ  is the radius of curvature of the elliptical hole. For circular holes  
in an infinite plate where a b,=  the stress concentration factor is tK 3= . 

For a plate, the SCF values increase when the temperature values increase, the 
value of the SCF is up to 20 MPa m1/2 at 100oC. But for the patch, the SCF values 
decrease slightly when the temperature rises up to 100oC. The repair effect is enhanced 
by a laminated patch of great mechanical and thermal resistance. 

The corrective correction behavior is important in this analysis, as it is not 
affected by temperature rise, in contrast to the correction behavior which is affected by 
thermal changes, placing concentration factor values at higher pressures. 
 

 
Fig.15. Influence of temperature on SCF for a [0/45/-45/90]s plate and [0/45/-45/90] 

patch. 
 

4. CONCLUSION 
 

In this work, the mechanical and thermal properties of composite materials 
(boron/epoxy, Glass/epoxy and graphite/epoxy) were evaluated at room temperature 
(20oC) and high temperatures (40, 60, 80, 100oC). This included a study in the first side, 
the experimental study conducted on unidirectional composite plates with different fiber 
orientations showed the great influence of temperature on the behavior of the composite 
material and its resistance to tensile strength (ultimate strength) and hardness, this 
experimental study proved that the increase in temperature has a negative reflection  
on the performance of the composite material, and it is greatly affected by temperature. 

As for the modeling part, its aim was to analyze the thermal loading effect on the 
SIF and SCF around the crack and on the stresses distribution in the notched and 
cracked composite plate, where the thermal effect had a major role on the behavior  

https://en.wikipedia.org/wiki/Ernst_Gustav_Kirsch
https://en.wikipedia.org/wiki/Kirsch_equations
https://en.wikipedia.org/wiki/Notch_(engineering)
https://en.wikipedia.org/wiki/Radius_of_curvature_(applications)
https://en.wikipedia.org/wiki/Radius_of_curvature_(applications)
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of the composite material, so that as the temperature changes increase, the intensity  
and concentration of stress in the composite plate increases, especially in the crack area. 
In addition, the composite plates and patches have a paradoxical behavior depending  
on the stacking sequences. 

It can be concluded from the experimental and numerical study that the general 
mechanical properties of composite materials decrease with increasing temperature. 
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