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Abstract 
Pitting corrosion is a significant failure mechanism in aging aircraft struc-
tures, potentially leading to catastrophic structural failures. This study inves-
tigates the stress distribution around idealized cylindrical corrosion pits in al-
uminium aircraft panels under uniaxial tensile loading using three-dimen-
sional finite element analysis (3D FEA). A systematic approach was employed 
to analyse the influence of varying pit diameters and depths on stress concen-
tration. The maximum stress concentration was consistently observed at the 
pit’s anterior surface, perpendicular to the loading direction. A novel modified 
formula was developed to calculate the stress concentration factor (SCF) in 
pitted panels, considering the remaining material thickness, and providing a 
more accurate prediction compared to traditional methods. The results re-
vealed a clear relationship between the pit aspect ratio (depth/diameter) and 
the SCF. A bi-linear material model was implemented to determine the yield 
strength of the panel under these conditions. The analysis also explored the 
stress concentrations associated with triangular pit geometries, demonstrating 
elevated stress levels compared to cylindrical pits of equivalent area. These 
findings offer critical insights into the structural integrity of aircraft panels 
affected by pitting corrosion. The proposed novel formula improves the pre-
diction of structural failure and can be applied to enhance design and mainte-
nance protocols in the aerospace industry to improve aircraft longevity and 
safety. 
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1. Introduction 

The structural integrity of aircraft is critical for ensuring safety and operational 
longevity. Pitting corrosion, a localized form of material degradation, significantly 
reduces structural strength, leading to increased failure susceptibility. This is par-
ticularly relevant in aging aircraft, where fatigue cracks often originate from cor-
rosion pits under cyclic loading [1]. Notable aviation accidents, such as Aloha Air-
lines Flight 243, have underscored the dangers of corrosion-induced fatigue dam-
age, prompting advancements in inspection and maintenance protocols [2]. 

Extensive research has demonstrated the detrimental impact of pitting corro-
sion on the fatigue strength of aerospace materials. Previous studies have demon-
strated that pitting corrosion reduces the fatigue strength of aerospace materials, 
with reported losses of up to 40% under certain fatigue cycles [1] [3]. The primary 
factors influencing the ultimate strength of corroded panels include pit geometry, 
depth, and diameter. Furthermore, investigations into the relationship between pit 
shape and fatigue life have underscored the importance of considering pit mor-
phology when assessing structural durability. Advanced numerical simulations, such 
as nonlinear finite element analysis, have emerged as reliable tools for assessing struc-
tural behaviour, providing credible insights that complement experimental inves-
tigations. These simulations inform design modifications aimed at enhancing struc-
tural performance and reliability, thereby mitigating the risks associated with cor-
rosion-induced failures. Similarly, the influence of corrosion pits on the residual 
strength of aircraft panels has been examined, demonstrating a significant reduction 
in load-carrying capacity due to pitting. Numerical analyses have also explored the 
effectiveness of cathode protection in preventing corrosion, highlighting novel meth-
odologies for mitigating its effects. In a harsh marine environment, increased stress 
accelerates corrosion, leading to the formation of corrosion pits and intensifying cor-
rosion at defect sites. While numerical simulations have been used extensively to 
study stress corrosion cracking (SCC) and corrosion-induced mechanical prop-
erty degradation (CIMPD), there remains a need for more refined computational 
models to predict failure mechanisms more accurately. The CIMPD of 7050-T7451 
aluminium alloy has also been studied to reveal the controlling steps in the stress-
assisted degradation of aluminium alloy [3] [4]. 

This research addresses the SCC gap by systematically investigating SCF in cor-
roded aircraft panels using finite element analysis (FEA). This research also inves-
tigates the impact of stress concentration on isolated cylindrical pits with varying 
depths and diameters under uniaxial loading through a systematic series of 3-D 
finite element simulations. The study determines the values of stress concentra-
tion factors and aspect ratios (depth/diameter) for different pit configurations. Ad-
ditionally, nonlinear finite element analysis and fatigue analysis were conducted to 
evaluate the model’s yield strength and service life. By leveraging advanced com-
putational techniques, this research provides a refined framework for predicting 
failure points in corroded structures, offering both theoretical insights and prac-
tical applications for improving aircraft safety and reliability. 
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2. Methodology 
2.1. Finite Element Strategy 

The modelling of aircraft structure panel was carried out using ANSYS Work-
bench environment. Although the geometry of the panel is symmetrical, a full model 
was used as the quarter model does not render good results. The details of mod-
elling strategies, sizing, and their properties are listed in the following sections. 

A 100 mm × 100 mm aluminium panel with a thickness of 2.5 mm was mod-
elled using ANSYS Workbench. Finite element analysis was carried out using AN-
SYS package. In order to prepare the models, ANSYS “Space Claim geometry” was 
used. Figure 1 shows the panel without the corrosion pit formation. Figure 2 shows 
the panel with corrosion pit formed. 
 

 
Figure 1. Before formation of corrosion pit. 

 

 
Figure 2. After formation of corrosion pit. 

 
As shown in Figure 1, before Boolean operation, a single line indicates the re-

gion of the corrosion pit. In Figure 2, after the Boolean operation of pull, a circular 
object of the required diameter of the desired corrosion pit is pulled from the orig-
inal panel. The double line indicates the presence of the corrosion pit of the de-
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sired diameter and at depth. 
The finite element mesh was generated using a hex-dominant method, incor-

porating SOLID186 and SOLID187 elements to enhance computational precision. 
Both SOLID186 (a quadratic three‐dimensional 20-node solid element of higher 
order) and SOLID187 (a quadratic three‐dimensional 10-node solid element of 
higher order) elements were adopted while meshing the model. The input value 
for element size was given as 1mm to obtain a fine mesh for accurate results. A 
mesh convergence study was performed to ensure the result was independent of 
mesh size. 

2.2. Material Properties 

Both linear and nonlinear material models were considered. The elastic modulus 
was set at 71 GPa, with a Poisson’s ratio of 0.33. Nonlinear analysis was conducted 
using a bilinear model with a tangent modulus of 500 MPa to capture material 
yielding behaviour under applied loads. In order to run the simulation ANSYS “Static 
Structural” analysis system is used. 

2.3. Boundary Conditions and Loading 

Tensile loads ranging from 10 KN to 80 KN were applied to one edge, while the 
opposite edge was constrained in the x-direction (Ux = 0). This setup ensured re-
alistic simulation conditions aligned with typical aircraft panel loading scenarios. 

Figure 3 shows the panel with both the loading and displacement boundary 
conditions. On one edge, tensile loads of magnitude ranging from 10 KN to 80 KN 
in increments of 10 KN were applied and on the opposite edge the displacement 
constraint of Ux = 0.0 was applied. 
 

 
Figure 3. Model with boundary conditions applied. 
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Initially from the simulation point of view, a tensile load of 10 KN was applied 
on the boundary with the intent of preserving the values of stress below the yield 
strength of material. The finite element analysis was performed and the values of 
stress concentration factors were calculated for panels having different pit geom-
etries. The pit diameters considered in this paper have values ranging from 6 mm 
to 75 mm. And the values of pit depths varied from 0.5 mm to 2 mm. 

3. Results and Discussions 

All the simulations performed used ANSYS software package, for both the static 
and nonlinear analyses. The results and discussion are given in the following sec-
tions. 

3.1. Stress Concentration Factor (SCF) in Corroded Panels 

The data in Tables 1-4 show the values of maximum equivalent von-Mises stresses 
obtained for different geometries of the pit. Precisely the values of pit diameters 
considered for the analysis were 6, 15, 25, 50 and 75 mm and those of pit depths 
were 0.5, 1, 1.5 and 2 mm respectively. Normally, to calculate the stress concen-
tration factor (SCF) values for a plate without a hole or pit, the following formulas 
are used: 

 nom
F

W t
σ =

×
 (1) 

This is the applied stress, applicable for no damage panel. Figure 4 and Figure 
5 represent the effect of diameter and depth location of the pit; here, it is observed 
that the values of SCF are high. 

Once there is a hole type of discontinuity then the formula for the computation 
of nominal stress is: 

 
( )nom

F
W D t

σ =
− ×

 (2) 

where, F is the load applied in KN, W = plate width (mm), D = pit diameter (mm), 
t = plate thickness (mm). 

Figure 6 shows the values of stress concentration factors for different pit diam-
eters.  

The formula to compute stress concentration factor does not change either for 
a damaged or an undamaged panel. The formula for the Stress Concentration Fac-
tor is: 

 max

nom
tK

σ
σ

=  (3) 

where Kt is the stress concentration factor. 
But in the case of pits, the formula used above cannot be used as it does not 

consider the thickness of the panel excluding the pit depth. As a result, an attempt 
has been made to develop an expression that can be used to calculate the stress 
concentration factor for pitted panels. The modified novel formula for pitted pan-
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els is stated in next section. 
 

 
Figure 4. SCF versus diameter of erosion for different pit depths. 

 

 
Figure 5. SCF versus depth of erosion for different pit diameters. 

 
The erosion is formed due to pit corrosion and the remaining portion of the 

panel is considered in this novel modified formula. The additional term comes in 
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the denominator of the nominal stress computation, as shown in Equation (4). 
The SCF computation is the same as in Equation (3). The novel modified formula 
for nominal stress is as follows, 

 
( ) ( )nom

t

F
W D t D r

σ =
− × + ×

  (4) 

W = plate width (mm); 
D = pit diameter (mm); 
T = plate thickness (mm); 
rt = remaining thickness of the panel at the location of pit. 
Figure 6 depicts the values of the stress concentration factor versus various di-

ameters at different depths using the novel modified formula. It is observed that 
the SCF values decrease when we use Equation (4). 
 

 
Figure 6. Computation of SCF using nominal stress formula. 

 
The data in Tables 1-4 show the values of maximum equivalent von-Mises 

stresses obtained for different geometries of the pit. Precisely the values of pit di-
ameters (D) considered for the analysis were 6, 15, 25, 50 and 75 mm and those of 
pit depths (d) were 0.5, 1, 1.5 and 2 mm respectively. The load applied was 10 kN 
with boundary conditions as defined above. This particular boundary condition 
displayed the highest stress concentration in the upper margin of pit which is 
shown in Figure 7. 

 ( )Aspect Ratio AR d
D

=  (5) 

d = pit depth (mm); 
D = pit diameter (mm). 
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Figure 7. Computation of SCF using Novel modified nominal stress formula. 

 
Table 1. Values of stress, SCF and AR for panels with d = 0.5 mm. 

Diameter (D, mm) von-Mises stress (MPa) SCF AR 

6 70.155 1.73 0.083 

15 64.178 1.56 0.033 

25 63.302 1.51 0.020 

50 68.298 1.54 0.010 

75 81.050 1.73 0.006 

 
Table 2. Values of stress, SCF and AR for panels with d = 1 mm. 

Diameter (D, mm) von-Mises stress (MPa) SCF AR 

6 94.233 2.30 0.166 

15 88.599 2.08 0.066 

25 89.799 2.02 0.040 

50 107.09 2.14 0.020 

75 155.12 2.72 0.013 

 
Table 3. Values of stress, SCF and AR for panels with d = 1.5 mm. 

Diameter (D, mm) von-Mises stress (MPa) SCF AR 

6 104.380 2.52 0.250 

15 105.550 2.40 0.100 

25 110.310 2.35 0.060 

50 144.010 2.52 0.030 

75 233.280 3.22 0.020 
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Table 4. Values of stress, SCF and AR for panels with d = 2 mm. 

Diameter (D, mm) von-Mises stress (MPa) SCF AR 

6 115.120 2.74 0.333 

15 117.460 2.58 0.133 

25 124.810 2.50 0.080 

50 166.400 2.49 0.040 

75 284.250 2.84 0.026 

 
From the values obtained in the tables above it can be observed that the values 

of SCF decrease with increase in diameter for the same depth. Figure 4 and Figure 
5 show the plots of SCF versus pit diameters and depths respectively. Figure 7 shows 
the plots of depth versus SCF for pit diameters of 0.05 mm to 1 mm using novel 
modified formula (4). 

The plots in Figure 4 and Figure 5 show that as the diameter of the pit grows, 
so does the value of SCF. In Figure 6 it is observed that the SCF decreases with 
the nominal formula computation. However, in Figure 7 the trend of increasing 
SCF is seen with the novel modified formula. It is recommended that the novel 
modified formula be used for the computation of SCF for this type of pitting cor-
rosion problem. 

Once the relationship between SCF, pit diameter and pit depth were established, 
efforts were made to determine the relation between SCF and AR and also to de-
termine the yield strength of the plate. Non-linear analysis was performed using 
bi-linear material theory to determine the yield strength of the plate. Figure 8 shows 
the nature of a bi-linear graph. The intersection of the two curves indicates the yield 
point of the model. 

Based on this theory, bi-linear analysis was conducted for the model under eval-
uation to derive the stress-strain curve and calculate the yield strength. Tensile load 
was applied on one edge of the model with displacement boundary condition (x 
= 0) on the other edge. The magnitude of loads varied from 10 KN to 80 KN with 
an increment of 10 KN for each system. Table 5 displays the maximum von-Mises 
stress and directional deformation values for various loads. 

 
Table 5. Values of maximum von-Mises stress and directional deformation from bi-linear 
analysis. 

Load (KN) von-Mises stress (MPa) Deformation (mm) 

10 40.015 0.05637 

20 80.059 0.11282 

30 120.130 0.16935 

40 160.240 0.22594 

50 200.370 0.28261 

60 240.540 0.33936 

70 281.670 0.73056 

80 454.38 42.3360 
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The stress-strain curves of alloy AA6082 tempers T4 and T6 were found by stand-
ard tensile testing, and fitted to the five-parameter model  

 ( )( ) ( )( )0 1 1 2 21 exp 1 expp pQ C Q Cσ σ ε ε= + − − + − −  (6) 

where σ is the stress; εp = ε − σ/E is the plastic strain; ε is the total strain; E is 
Young’s modulus; σ0, Qk and Ck (k = 1, 2) are material constants. The stress-strain 
curve up to 1% plastic strain was used to calibrate Equation (1). The computed f0.2 
is the yield stress (defined as the stress at 0.2% plastic strain), which matches with 
our FEA values [5]. 

The pit size was found to increase with time (t) following the relation [6]: Pit 
size αt1/3. 

The impact of pitting corrosion upon the fatigue behaviour of exposed 7075-T6 
aluminium alloy reduced its fatigue life by a factor of 6 to 8 [7] [8]. The fatigue 
life of plates with corrosion is studied using a neural network model developed by 
Pidaparti et al. [9]. The findings were cross-checked against analysis and labora-
tory data. The fatigue life estimate derived from the current approach can be used 
to help evaluate the remaining life or to schedule the next examination in the mainte-
nance program. 

Recent research [10] has also investigated the use of advanced finite element tech-
niques to simulate the stress distribution around corrosion pits, offering insights 
into the mechanisms of crack initiation and propagation. Finally, recent numerical 
analysis by Sankaran et al. [11] investigated the effectiveness of using cathodic 
protection on preventing corrosion, highlighting a novel methodology. In a re-
search work [12], a specific aluminum alloy (7075-T6) holds up to fatigue (re-
peated stress) when it has multiple holes, like those used in aircraft construction. 
It also examines how corrosion affects this material. The study found that while a 
technique called “cold expansion” can improve the material’s resistance to fatigue, 
corrosion can still significantly reduce its lifespan, especially in the early stages of 
exposure. 

3.2. Influence of Pit Geometry on Stress Distribution 

The research [13] [14] examines how stress influences the corrosion of a specific 
aluminum alloy (7050) in a simulated harsh marine environment. It demonstrates 
that increased stress accelerates corrosion, leading to the formation of corrosion 
pits. The study also explores how stress concentration at corrosion defects further 
intensifies corrosion and how different levels of stress affect the corrosion mech-
anism. 

It is important to investigate the impact of stress concentration for triangular 
geometry of pit because development of pitting corrosion leads to crack formation 
[14]. The area of the triangle is equal to the area of a circle (491 mm2) with a 25 
mm diameter and the pit depth considered is 1.5 mm. The crack originates from 
the conical shape only. As we see in Figure 8, the cylindrical pit has maximum stress 
of 110 MPa, whereas the conical or triangle geometry has 157 MPa (Figure 9). 
The stress values of triangular pits are more by 30% in comparison with cylindri-
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cal pits of the same area. Athanasios Kolios et al. [13] made similar observations 
but for conical pits. 

Comparative analysis of cylindrical and triangular pit geometries revealed that 
triangular pits exhibited stress values approximately 30% higher than cylindrical 
pits of equivalent cross-sectional area. This finding highlights the necessity of con-
sidering pit shape variations in failure analysis. 
 

 
Figure 8. Stress pattern of circular pit. 

 

 
Figure 9. Stress pattern of triangle pit. 

3.3. Yield Strength and Structural Integrity 

A bi-linear stress-strain curve was generated from nonlinear FEA, determining 
the panel’s yield strength at approximately 248 MPa. Load-deformation analysis 
indicated that panels with pit depths greater than 2 mm or diameters exceeding 
75 mm experienced significant reductions in load-bearing capacity, confirming 
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that such corrosion levels are structurally unacceptable under operational condi-
tions. 

Figure 10 and Figure 11 show the bi-linear graphs obtained for the panel for 
two load cases, 70 KN and 80 KN respectively. From Table 5, one can observe that 
up to the load of 70 KN, the values of stress and deformation increased linearly 
with an increase in load. When the load applied was 80 KN the values of stress and 
deformation increased drastically depicting that the strength of panel has passed the 
yield point. On comparing Figure 8 and Figure 9, we can conclude that the yield 
strength of the model corresponds to the point marked in red having a value of 
around 248 MPa. 

After obtaining the value of yield strength of the panel two graphs were plotted 
as shown in Figure 12 and Figure 13 to indicate the maximum allowable pit depth 
and diameter, i.e., the permissible values of dimensions of pit diameter and depth 
above which failure of the plate occurs. 
 

 
Figure 10. Bi-linear curve for 70 KN load case. 

 

 
Figure 11. Bi-linear curve for 80 KN load case. 
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Figure 12. Indication of maximum depth allowable. 
 

 
Figure 13. Indication of maximum diameter allowable. 

 
From these plotted figures, it can be concluded that pit depths greater than 1.6 

mm or diameters exceeding 65 mm experienced significant reductions in load-
bearing capacity, confirming that such corrosion levels are structurally unaccepta-
ble under operating conditions. 
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4. Reviewer’s Comments Answers 

Experimental and numerical studies have shown that the SCF for corrosion pits 
in aluminium alloys typically ranges from 1.5 to 3, depending on pit aspect ratio 
(depth/diameter), pit size, and loading conditions. For example, pre-pitted sam-
ples with a pit aspect ratio of 0.11 demonstrated an SCF of around 1.5, which led 
to a reduction in fatigue life by over 60% compared to un-pitted samples [15]. Table 
6 depicts representative literature to answer reviewer comments. 

The novel SCF formula presented in the attached paper aligns with established 
literature benchmarks in terms of the relationship between pit geometry, SCF, and 
fatigue life reduction. The SCF values and trends predicted by the new formula 
fall within the ranges reported by experimental and numerical studies in the liter-
ature. However, as noted previously, the direct validation of the novel formula 
against new physical test data is not explicitly reported; rather, its credibility is sup-
ported by consistency with these well-established benchmarks [15]-[17]. 

 
Table 6. Representative literature examples. 

Reference Key Finding 

[15] Pitting corrosion reduced fatigue life by a factor of 6 - 8 in aluminum alloys. 

[16] 
Pre-pitted samples (aspect ratio 0.11, SCF ≈ 1.5) had fatigue lives reduced 
by >60%. 

[17] 
Pit depth is the dominant factor for fatigue life; empirical models validated 
with teardown data. 

[18] Stress concentration from pits leads to reduced elongation and earlier failure. 

[19] 
Classification and fatigue life of pitting corrosion in aircraft materials; S-N 
data for pitted vs. unpitted samples. 

5. Conclusions and Recommendations 

This study provides a refined framework for evaluating pitting corrosion-induced 
failures in aircraft panels. Key findings include: 

1) The novel modified SCF formula enhances failure prediction accuracy. 
2) Triangular pits exhibit significantly higher stress concentrations than cylin-

drical pits. 
3) Corrosion pits with diameters exceeding 65 mm or depths beyond 1.6 mm 

lead to substantial structural degradation. Hence, beyond these sizes are not rec-
ommended for usage. 

4) Crack grows from the sharp edges; hence, the need to simulate conical-type 
geometries is essential. Modelling and simulation of triangle geometry is simu-
lated, and it shows that 30% higher stress occurs in the case of conical type geom-
etry than in circular geometry. 

5) The values of stress and strain increase linearly with an increase in depth. 
The values of stress increase with increases in depth of erosion and the values of 
diameter increase in an exponential way. 
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Future work should focus on integrating fatigue and buckling analyses to fur-
ther assess the long-term performance of corroded panels. Additionally, experi-
mental validation of the proposed SCF formula through mechanical testing would 
strengthen its applicability in real-world aerospace engineering scenarios. 
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