
 

 

1 

 

  

Abstract—This research paper has performed the stress 

analysis of a uniformly static loaded plate of aluminum alloy 

AA2024-T3 from both ends and is center drilled using ANSYS. 

Analytical and Numerical solutions for Stress Concentration 

Factor (Kt) were obtained at different aspect ratios by varying 

drill diameter against the plate width and thickness. It was 

observed that the maximum stress was generated around the 

corner of drill and varied inversely with the aspect ratios while the 

Kt was directly proportional to the aspect ratios. The analytical 

and numerical solutions were in close convergence with each other 

and the maximum error observed was 0.047% which indicated 

that Finite Element Analysis (FEA) using ANSYS is effective in 

designing aluminum components which are subjected to drilling 

and riveting operations. 

 
Index Terms— Aerospace Materials, ANSYS, Finite Element 

Analysis, Stress Concentration 

I. INTRODUCTION 

The latest trend in any engineering design involves three 

basic solutions. First is the analytical solution which involves 

calculating the output of the problem as per the defined input 

parameters using a mathematical equation to give an exact 

solution. The second solution is called a numerical solution 

using Finite Element Methods (FEM) also called Finite 

Element Analysis (FEA) which involves generating a model of 

the problem, defining boundary conditions in terms of load, 

temperature, mounting etc., then meshing the model which 

divides the model into small elements and finally solving the 

model to calculate approximate solutions out of those elements 

which helps in better visualization and distribution of the 

boundary conditions on the model. The last solution involves 

developing a prototype of this model after good correlation is 

achieved between analytical and numerical solution and 

perform actual experiment and the results help in faster 

convergence to solution and engineering design[1-7]. 

Stress Concentration is a common engineering consideration 

when designing components that involve machining such as 

drilling, cutting and other operations. It is defined as the 

increase or accumulation in generated stress in a component due 

to a hole or irregularity which would not have been 

concentrated if the irregularity was absent [8-14]. It is 

represented mathematically in terms of Stress Concentration 

Factor (SCF) as shown in (1)[7, 8, 15]. 
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                                       Kt=
σmax

σnormal
                                            (1) 

Where 

 Kt = Stress Concentration Factor 

 Ꮾmax = Maximum stress in the component around the 

irregularity  

 Ꮾnormal = Normal stress in the component generated in 

absence of irregularity 

The normal stress (Ꮾ) in the components is calculated from 

the general stress equation in which the applied force (F) on 

the components is divided by the cross-sectional area (A) as 

shown in (2)[3, 8, 15, 16]. 

                                       σ =
F

A
                                                   (2) 

For a uniformly loaded plate having a width (W), which is 

center drilled having drill diameter (D), the SCF is represented 

by (3)[15]. 

                 Kt= 3 − 3.13(
D

W
) + 3.66(

D

W
)2 − 1.53(

D

W
)3           (3) 

 

Aluminum alloys and composites are a major material 

group in the aerospace and automobile industries. Their high 

specific strength, good corrosion resistance and ease of 

manufacturing help the engineers to develop many space 

grade structures[17-32]. In order to develop any structure 

machining is of prime importance and hence after machining 

various irregularities are introduced in the component due to 

which it is important to study how these irregularities can 

affect the stress generated in the structure before actual 

fabrication can be done[3, 11, 13, 33]. 

II. EXPERIMENTAL PROCEDURE 

The first step was to calculate the analytical Kt for the plate 

with a circular drill from (3). The different aspect ratios in terms 

of thickness and width by diameter ratios used in this analytical 

calculation are shown in table I. 

 
TABLE I 

Aspect Ratios 

(T/D) (W/D) 

0.3 5 

0.5 2.5 
0.7 1.6 

0.9 1.25 
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For numerical solution, Static Structural Module of ANSYS 

Workbench® 15.0 was used in which the first step was to 

declare the material properties for AA2024-T3 which are 

shown in Table II [21, 22, 32, 33]. 

 
TABLE II 

Properties of AA2024-T3 [21, 22, 32, 33] 

Property Value 

Density 2.78 g/cm3 

Youngs Modulus 73100 MPa 
Poisson’s Ratio 0.33 

Bulk Modulus 71667MPa 

Shear Modulus 27481 MPa 
Tensile Yield Strength 345 MPa 

Ultimate Tensile Strength 483 MPa 

 

The next step was to generate a model of the plate and drill a 

hole of the required aspect ratio. This was achieved using the 

design modeler and the dimensions are shown in table III in 

which the drill diameter was varied as per the required aspect 

ratios in subsequent models. The model was meshed using solid 

brick elements which were refined near the drilled region using 

mesh refinement capability of the software, so the resultant 

mesh became triangular for accurate results as shown in fig. 1.

 The meshing statistics for both the aspect ratios are shown in 

table IV and V. 

 
TABLE III 

Model dimensions 

Dimension Value (mm) 

Length (L) 200 

Width (W) 30 
Thickness (T) 5 

Drill diameter (D) 5.5~24 

 

 
Fig 1: Meshed Aluminum Plate 

 
TABLE IV 

Meshing statistics for Thickness by Drill diameter 

Aspect ratio 

(T/D) 
Mesh type 

No. of 

Nodes 

No. of 

Elements 

0.3 Triangular 7708 4132 

0.5 Triangular 6781 3599 

0.7 Triangular 6863 3679 

0.9 Triangular 6114 3190 

 
TABLE V 

Meshing statistics for Width by Drill diameter 

Aspect ratio 

(W/D) 
Mesh type 

No. of 

Nodes 

No. of 

Elements 

5 Triangular 6364 3340 

2.5 Triangular 6767 3577 

1.6 Triangular 8470 4632 

1.25 Triangular 8660 4666 

All the meshed models were subjected to the boundary 

conditions as shown in fig. 2. Both the ends were subjected to a 

static uniform loading of 250 N along the X-axis. Maximum 

and minimum Von-Mises stress along with total deformation 

were evaluated. The numerical Kt was calculated from (1). The 

normal stress was calculated by subtracting the drill diameter 

from the width of each model and multiplying it with the 

respective thickness of the model to get the normal area and 

then the applied force was divided by this area. The value of 

maximum stress from ANSYS was divided by this normal 

stress to calculate the numerical Kt. 

 

 
Fig 2: Boundary Conditions used 

 

For analyzing the convergence of the analytical and 

numerical solution, percentage error was calculated by 

subtracting the numerical value from the analytical value and 

dividing the resultant from the analytical value as shown in (4). 

 

                     Error (%)=
Analytical Kt  – Numerical Kt

Analytical Kt
                     (4) 

III. RESULTS AND DISCUSSIONS 

The Von-mises stress distribution and total deformation 

against the respective aspect ratios is shown in fig. 3 to 18. It 

can be seen that for all cases the maximum stress is observed at 

the corner region of the hole, perpendicular to the direction of 

application of force, while the maximum deformation is in the 

direction of application of the force. 

 

 
Fig 3: Stress distribution at 0.3 T/D 

 

 
Fig 4: Total deformation at 0.3 T/D 
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Fig 5: Stress distribution at 0.5 T/D 

 

 
Fig 6: Total deformation at 0.5 T/D 

 

 
Fig 7: Stress distribution at 0.7 T/D 

 

 
Fig 8: Total deformation at 0.7 T/D 

 

 
Fig 9: Stress distribution at 0.9 T/D 

 

 
Fig 10: Total deformation at 0.9 T/D 

 
Fig 11: Stress distribution at 1.6 W/D 

 

 
Fig 12: Total deformation at 1.6 W/D 

 

 
Fig 13: Stress distribution at 1.25 W/D 

 

 
Fig 14: Total deformation at 1.25 W/D 

 

 
Fig 15: Total deformation at 2.5 W/D 

 

 
Fig 16: Stress distribution at 2.5 W/D 
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Fig 17: Total deformation at 5 W/D 

 

 
Fig 18: Stress distribution at 5 W/D 

 

The results of analytical Kt, numerical Kt, Maximum Von-

mises stress and Maximum deformation from ANSYS 

calculated against the respective aspect ratios, normal area and 

drill diameter are shown in table VI and VII respectively while 

fig. 19 to 24 represents their graphical representation. It can be 

seen in both tables and graphs that as the respective aspect ratio 

is increasing, both the Maximum Von-mises stress and 

deformation decreases, while the Kt increases. The decrease in 

stress and deformation can be attributed to the increase in 

subsequent normal area as the aspect ratio increases with the 

decrease in drill diameter. As the normal area increases since 

more material is now available to bear the load and hence less 

stress is generated in the plate and less stress correspondingly 

generates less deformation. Another significant thing observed 

in fig. 23 and 24 is that the analytical and numerical Kt are in 

good convergence with each other and the same is reflected in 

percentage errors of the tables irrespective of the aspect ratios   

 
TABLE VI 

Results for Aspect Ratio Thickness by Drill diameter 

Diameter (mm) 16 10 7 5.5 

Normal Area (mm2) 70 100 115 122.5 

Normal Stress (MPa) 3.5714 2.5 2.1739 2.0408 

Aspect ratio (T/D) 0.3 0.5 0.7 0.9 

Maximum Von-

Mises Stress (MPa) 
7.6787 5.5493 5.126 4.9345 

Maximum 
Deformation (mm) 

0.0026 0.0024 0.0023 0.0023 

Numerical Kt 2.1500 2.2197 2.3579 2.4179 

Analytical Kt 2.1796 2.3067 2.4495 2.5398 

Error (%) 0.01358 0.0377 0.0374 0.0480 

 

 
TABLE VII 

 Results for Aspect Ratio Width by Drill diameter 

Diameter (mm) 6 12 18 24 

Normal Area(mm2) 120 90 60 30 

Normal Stress (MPa) 2.0833 2.7778 4.1667 8.3333 

Aspect ratio (W/D) 5 2.5 1.6 1.25 

Maximum Von-
Mises Stress (MPa) 

5.1114 6.1776 8.7309 17.077 

Maximum 

Deformation (mm) 
0.0023 0.0024 0.0027 0.0036 

Numerical Kt 2.4535 2.2239 2.0954 2.0492 

Analytical Kt 2.5082 2.2357 2.1091 2.0550 

Error (%) 0.0218 0.0053 0.0065 0.0028 

 

 
Fig 19: Effect of T/D on Von-mises stress 

 

 
Fig 20: Effect of W/D on Von-mises stress 

 

 
Fig 21: Effect of T/D on Deformation 
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Fig 22: Effect of W/D on Deformation 

 

 
Fig 23: Effect of T/D on Analytical and Numerical Kt 

 

 
Fig 24: Effect of W/D on Analytical and Numerical Kt 

IV. CONCLUSION 

• The Maximum stress and deformation generated in an 

aluminum plate with drilled hole are inversely 

proportional to their respective aspect ratios 

• The maximum stress generated in the plate is 

concentrated around the corner of drill, is 

perpendicular to the direction of force application and 

is not dependent on the aspect ratio 

• Both the numerical and analytical Kt are directly 

proportional to the aspect ratios and were in good 

convergence with each other since the maximum 

percentage error observed was 0.047% which is very 

small 

• FEA using ANSYS is an effective approach to design 

engineering components and its reliability can be 

verified by comparing it with its analytical solution 

 

• The study conducted for aluminum plate can be used 

in aerospace, mechanical and material design of 

structures and wings where riveting and drilling is 

required 
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