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Abstract 

In this study, for composite patch repairs, the impact degrees of patch configuration and patch sizes on 

repair performance were determined and compared with each other. First, stress intensity factor (SIF) 

values were calculated by using the Finite Element Method for tensile loading in an aluminum plate with 

center cracks, in unpatched situation. In this model, the repair was made by forming single and double 

sided patches and adhesive volumes too. The SIF values are recalculated for different patch thicknesses, 

widths, and crack lengths. The criterion that determines the impact degrees of the examined parameters 

was accepted to be the reduction rate in the SIF values. The results show that even the most 

disadvantageous patch application contributes significantly to the repair performance and that the 

application itself is the most effective factor. The second most effective parameter is patch configuration; 

the patch sizes have much less impact degree. 

Keywords: Stress intensity factor, composite patch, repair, fracture mechanics, finite element method. 

1. Introduction 

The use of composite materials in the repair of damaged 

structural elements is becoming increasingly 

widespread. Thanks to the different composite patches 

reinforced to the damaged areas of both composite[1, 2, 

3] and isotropic structures, it is aimed that the 

weakening strengths of these structures can be improved 

and reused.  A lot of factors influence repair 

performance, such as material type, geometry, patch’s 

configuration, number, shape and size, type and 

thickness of the adhesive, location and sizes of the 

damaged area. In the literature, it is possible to come 

across with many different scientific studies to 

determine these impacts. 

By means of numerical or experimental [4-7] studies to 

determine the effects of different composite patch and 

adhesive configurations on the stress distributions and 

fatigue lives of repaired structures, it was aimed to 

suggest the best alternatives for repair.  

Successful results have been obtained in the composite 

patch repair of the body and inner surface areas of 

different structural elements and especially aircraft by 

using adhesive [8-13]; in addition to increasing fatigue 

and corrosion resistance of structure, it has been found 

that patches easily adapted to complex shapes [14-16]. 

The repair performance, or, in other words, the 

advantage degree to which the repair will provide, is 

closely related to the rate of reduction of the second 

fracture risk in the damaged area. For this reason, after 

it is examined in terms of the fracture mechanics before 

and after repair, the calculation of parameters 

influencing crack opening such as stress intensity factor 

and the comparison of them with each other have a very 

important and determinant role in measuring repair 

performance. The studies carried out by handling with 

this approach are concentrated especially in the field of 

repair of isotropic structures through composite patches. 

In these studies, tensile loading (mode I), which is the 

most critical loading mode for crack opening, was 

discussed; the impacts of alternatives such as crack 

location, geometry, sizes, adhesive area properties and 

bonding techniques on repair performance. In thin 

aluminum plates with cracks originating from lateral 

circular notches, the effects of crack propagation 

behaviors for mod 1 and the patch sizes in the different 

configurations on crack bottom stress intensity factor 

were examined [17] by the finite element method and it 

has been inspected that there was an inverse 

proportional interaction between them. If the circular 

composite patches which were used to repair aircraft 

components are double-sided, it was shown that the 

stress intensity factor in the crack bottom significantly 

decreased [18], through three-dimensional finite 

element method. It was also determined that the patch 

shape is closely related to the repair performance with 

the same method, the octagonal patches are better than 

the rectangular, circular or elliptical forms in increasing 

the repair performance by reducing the crack bottom 

stress intensity factor; in addition, that the patch 

geometry in the shape of arrow [19], reduces the stress 
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intensity factor. For the repair of center cracked metallic 

plates with double-sided composite patches, the 

rectangular patches are better than circular or elliptical 

patches. Moreover, another parameter that influences 

repair performance is the crack size. The impact of the 

same patch on repair performance for different crack 

sizes will change proportionately. Although different 

studies have been made in this respect, in the presence 

of central cracks in metallic plates, any significant work 

hasn't been found in the literature to determine the 

impacts of rectangular patches, depending on the size of 

the crack, on repair performance.  

In this study, the impacts of single or double sided 

rectangular patches on the repair performance were 

examined according to the change of the crack size in a 

center cracked aluminum square plate.  In addition to 

the crack length, patch width and patch thickness were 

also handled as variable parameters; in each examined 

situation, crack end stress intensity factors were 

compared with each other by calculating with three 

dimensional finite element analysis. In light of all 

results, factors were evaluated according to the impact 

degrees on the repair performance.  

2. Materials and Methods 

2.1. Stress Intensity Factor (SIF) 

In a structure containing cracks, the stress values at the 

points of the crack bottom are much higher than the 

nominal ) stress. 

In a plate subjected to a tensile loading with a center 

crack (Figure 1), the stress at a point with r and σij in the 

crack bottom can be calculated by the following 

formula; 

              

 

Figure 1. Plate exposed to pull load with center crack. 

The value shown as KI in this formula is the stress 

intensity factor (SIF).  Other parameters in the formula 

are related to the location of the point. The KI value can 

be calculated by the following formula in a plate 

including a crack with a width b, length 2a 

  

Here, it is defined as the shape factor . As the 

nominal stress  increases, the value of KI and the risk 

of crack opening will increase. After a certain value of 

KI, the crack will grow unstably and the fracture event 

will occur.  This critical value of KI is called fracture 

toughness (KIC) and is a characteristic feature which is 

independent of the sizes of the material. Then, the lower 

the KI value, the lower the risk of fracture.  Thus, the 

improvement degree of composite patches can best be 

explained by the reduction rate of the KI value prior to 

the repair. After the repair, it can be said that the lower 

the KI value, the better the improvement and the higher 

the repair performance. For this reason, in these and 

similar studies, calculations for determining the KI 

values before and after repair are of great importance.  

In this study, the repair of an aluminum square plate 

with a central crack along the thickness was handled 

with a single or double sided carbon / epoxy composite 

patch.  Stress intensity factor (SIF) values were 

calculated for different crack sizes, patch widths and 

patch thicknesses. 

These variable parameters and their impact degrees of 

the repair process on the repair performance are 

compared with each other. Firstly, in order to support 

the analyses, calculations for the unpatched plate and 

comparisons with a similar study were done. In the 

study of Kumar and Hakeem [20], sheet geometry (240 

mm × 240 mm × 3 mm), crack length (2a = 24 mm), 

tensile loading (σ = 166.67 MPa), boundary conditions 

(Figure 1) and material properties [Table 1] were used; 

2 and 3 dimensional quarter models (Figure 3) were 

established and the stress intensity factors (SIF) were 

calculated by the analyses made in the ANSYS 

program. It was seen that both 2 and 3-dimensional 

analysis results were approximately the same and they 

were very close to the results of Kumar and Hakeem 

[Table 2]. Then, single or double sided rectangular 

composite patches and adhesive volumes were added to 

the same model. As shown in Figure 2, in addition to 

the plate sizes, the length (48 mm) of the patch which is 

perpendicular to the crack (in the direction of the y-axis) 

and the interface adhesive thickness (1 mm) were taken 

fixed. Patch thickness (tp), patch width (2Lp) and crack 

height (2a) were taken as variables. The results for 

single and double sided patch application were 

presented as graphs (Figure 4-6). Finally, the variable 

parameters are compared with each other according to 

their impact degrees on repair performance. 

Table 1. Material Properties [20]. 

 Stress Intensity Factor (SIF) 

Present 

Study 

(Kumar & 

Hakeem, 

2000 

Percent 

Difference 

2D 

Unpatced 

Model 

35,259 

MPa m1/2 

32,630 

MPa m1/2 

7,40% 

                         (2.1) 
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3D 

Unpatced 

Model 

35,256 

MPa m1/2 

32,630 

MPa m1/2 

7,40% 

Table 2.   Comparison of calculated SIF values for two-

dimensional unpatched Models. 

 Material Properties 

Plate  

(Aluminiu

m) 

Adhesiv

e 

Composite Patch 

(Carbon/Epoxy) 

Youngs 

Modulu

s ( E ) 

71709 MPa 2158 

MPa 

E1=135000MPa, 

E2=E3=9000MPa 

Poisson 

Ratio ( 

) 

0,33 0,35 12=0.3 

23=0.02 

Shear 

Modulu

s ( G ) 

26958 MPa 799MPa G12=G13=5000MPa

a, G23=8000MPa 

 

Figure 2. a-) Plate size with center cracks, patch 

application b-) Quarter model and boundary conditions 

c-) Quarter-model perspective view. 

 

Figure 3. a-) Double-patched 3-dimensional quarter-

fined element model of center cracked plate b-) Patch 

zone c-) Top view of crack zone elements. 

 

Figure 4. Effect of patch thickness (tp) on the stress 

intensity factor (SIF) (2Lp = 60mm, 2a = 24mm). 

3. Results 

Stress intensity factor (SIF) values obtained from the 

analyses for the unpatched center cracked plate and 

comparison with each other are shown in Table 2. In 

present study, the results for 2 and 3 dimensional 

analysis was found at approximately the same value. At 

the same time, it is seen that the results are very close to 

the conclusions in Kumar and Hakeem's article [20]. 

This situation supports the accuracy of our analyses 

significantly.  

If all the situations examined are taken into account, it is 

understood that the patch applications reduce the SIF 

values by a minimum of 45% compared to the 

unpatched situation and reduce the risk of secondary 

damage considerably. This is a general conclusion that 

patch applications, which are neat and error-free, will 

certainly benefit. This reduction rate of SIF value in 

single patch application can rise up to 55% depending 

on the patch size and the crack size.  It is seen that the 

applied double-sided patches reduce the SIF value in the 

unpatched situation in the range of 70-80% and thus 

provided a much safer situation compared to the single 

patch.  For example; for the 2a = 24mm, tp = 3mm, 2Lp 

= 60mm, when the patch was applied single-sided, it 

reduced the SIF value (60%) from 35,256 MPa m1/2 to 

14,1 MPa m1 / 2; when the patch was applied double-

sided it reduced the SIF value (76.8%) to 7.68 MPam1/2. 

4. Conclusions 

This study showed us that; in composite patch 

applications, the most important factor influencing 

repair performance is the application itself. That is, it 

does not matter what patch alternative the application is 

done with, if done properly, the SIF values fall to a 

large extent, the risk of secondary crack is significantly 

reduced, and the greatest benefit is provided by the 

application itself. As a result, in this study, the 

alternative in which single-sided and minimum patch 

thickness (0.5mm) is preferred reduced the SIF values 

by 45% with respect to others, even though they had the 

least impact on repair performance. None of the other 

parameters provide such a high level of improvement. 

In other studies where the size and shapes of composite 
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patches are compared with each other, this judgment 

indirectly reveals. For example, in the study of Kumar 

and Hakeem [20], while the SIF value in the unpatched 

situation was 32.63 MPa m1/2 , it dropped to 3-8 MPa 

m1/2 interval for all examined patch shapes and sizes 

and, however, in this small range, the patch shapes and 

dimensions were compared with each other.  This result 

importantly supports our above judgment.  

The second important factor influencing repair 

performance is patch configuration, that is, the way in 

which the patch is applied on single-sided or double-

sided.  While the SIF values in the unpatched situation 

reduce in the range of 45-55% for the single-sided patch 

application, it decreases in the range of 70-80% for the 

double-sided patch application. For this reason, double-

sided patches are much safer.  

Patch thickness and width have much less impact on 

SIF values compared to these factors. As it can be 

understood from Figure 4 and Figure 5, after the SIF 

value drops by about 75% with the double-sided patch 

application, it can be slightly dropped in the range of 3-

5% by increasing the thickness, it hardly changes with 

the increase of the width.   Therefore, the use of larger 

patches covering even thicker or undamaged areas will 

have not any impact apart from increasing weight and 

cost. Keeping the patch sizes at the minimum level can 

be considered as a lower boundary in terms of repair 

performance provided that covering damage area.  

 

Figure 5. Effect of the patch width (2LP)  on the stress 

intensity factor (SIF)  (2a = 24mm, tp = 3mm). 

 

Figure 6. Effect of the crack length (2a) on the tensile 

strength factor (SIF) (2Lp = 60mm, tp = 3mm). 

 

Another factor that influences repair performance is the 

patch shape. However, other studies [18, 19, 20] show 

that the impact of this factor is not as effective as the 

impact of patch application and configuration.  

As a result, accurate and perfect composite patch 

application which will be done contributes significantly 

to the repair performance for all patch alternatives. 

However, the fact that the patch is double-sided is also 

the most effective way to further improve the repair 

performance. The patch shape and sizes are parameters 

that have less impact on the repair performance.  
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