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Abstract: The present work is the study of effect of stretching of an isotropic rectangular plate with centrally located 
circular hole under uniform tensile load. A loaded plate with the presence of hole creates stress concentration near the hole 
which is much larger than the average stress on the plate. The stress concentration factor has been calculated by using both 
analytical and finite element methods. Solidworks simulation is used for modeling and static analysis of linear elastic 
isotropic plate of size 500 x 300 x 25 mm, made up of AISI 4340 steel. The uniform tensile load of magnitude of 50 Mpa is 
applied on two opposite sides of rectangular steel plate with three different hole to width ratio of 0.2, 0.4 and 0.6 and the 
error percentage for finding SCF between analytical and finite element method are 4.8 %, 2.9 % and 4.7 % respectively. 
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I. INTRODUCTION 
 
Many steel components with holes of different shapes 
and orientations are generally used in various 
engineering structure. In particular, rectangular plate 
with hole finds its application in automobile, 
mechanical, aerospace and marine parts. In 
developing such parts, it is impossible to avoid the 
presence of hole which reduces the mechanical 
strength of components leading to the failure of 
structure under service loads. Therefore, it is essential 
to study the state of stress around the holes for the 
safety and analyse the load bearing capacity of these 
structures. Many studies [1-3] are presented on stress 
concentration of orthotropic and laminated composite 
plates with holes of different types of geometries. In-
plane theoretical stress concentration factors for short 
rectangular plates with centered circular holes 
subjected to uniform tension using finite element 
method is analyzed by Troyani N, Gomes C, Sterlacci 
G. [4].Stress concentration around a circular hole for 
laminated composite plate has been considered by 
Ko.W. [5]. The principal cause of stress raisers like 
holes & notches, because concentrated stresses larger 
than theoretical cohesive strength will generally cause 
local plastic deformation and redistribution of stresses 
investigated by P. Stanley, B.V. Day on Stress 
concentrations at an oblique hole in a thick flat plate 
under an arbitrary in-plane biaxial loading. [6].  
 
The effect of fiber orientation and material parameter 
on stress pattern around circular hole and triangular 
hole in symmetric laminates and orthotropic plate 
under internal pressure is reported by D S Sharma, 
Panchal Khushbu and Patel Nirav [7,8].Infinite elastic 
plate with an circular hole and elliptic hole subjected 
to arbitrary biaxial loading is obtained by X L Gao 
[9]. The standard solutions by Kirsch for the case of a 
single circular hole in an infinite plate, many other 
problems have been solved [10].In this work,  

 
modelling and static analysis of rectangular plate of 
different ratio (hole to width) has been performed. 

 
II. DETAILS EXPERIMENTAL  
 
2.1 Analytical Approach  
Stress concentration factor (K୲)is defined as the ratio 
of the calculated peak stress (σୟ୶ ) to the nominal 
stress (σ୭୫) that would exist in the member if the 
distribution of stress remained uniform and is 
obtained through the equation (1). 
 
                 K୲ = σ౮

σొౣ
     (1) 

 
 The nominal stress is determined through the basic 
equations and is defined according to the type of load 
that is acting on the element. In the case of an axial 
load that causes tension or compression, this value is 
calculated by equation (2). 
 
        σ୬୭୫ = ୶୧ୟ୪ ୭୰ୡୣ

େ୰୭ୱୱ ୗୣୡ୲୧୭୬ୟ୪ ୰ୣୟ
     (2) 

 
Fig.1.Rectangular plate with centrally located circular hole 

 
The rectangular plate with centrally located circular 
hole, made up of alloy steel, used for analysis is 
shown in Fig. 1 Plate under uniform tensile load is 
considered to find out the stress in the plate around 
the hole. 
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2.2 Calculation: 
 Stress concentration factor for plate with 
circular hole can be calculated by the equation (3). 

 

 

2.3 Finite Element Approach 
The finite element method is a numerical technique 
for obtaining approximate solution to a wide variety 
of engineering problems. This approach deals with 
the division of given structural model into number of 
simple shape of small size called elements. It is 
governed by a differential equation or a system of 
differential equations to a system with a number of 
finite degrees of freedom whose behavior is modeled 
by a system of linear or non-linear equations. These 
equations are then solved by the program to obtain 
the stress distribution for the entire model.  
 

 
Fig.2. 3D Model of Rectangular plate with central circular hole 

under loading and constrains 
 
Solidworks simulation FE tool has been used for 3D 
modeling of rectangular plate with centrally located 
circular hole. Type of constrains and loading 
considered for stress analysis of rectangular plate 
with circular hole subjected to uniform tension load 
750000 N as shown in Fig. 2. To prevent out of plane 
rotation and free body motions, three constrains are 
applied. The first constrained is along the horizontal 
mid-plane with use of advanced fixture by selecting 
edges to prevent motion in vertical direction. The 
second constrained is along the vertical mid-plane 
with use of advanced fixture by selecting edges to 
prevent motion in horizontal direction.  
The third constrained is at lower left corner vertex to 
prevent motion normal to plane. The material used 
for analysis is AISI 4340 steel and its properties as 
shown in Table. 1. 

 
Table1: Mechanical Properties of AISI 4340 Steel 
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III. RESULT AND DISCUSSION 
 
The results of the maximum stresses obtained from 
the simulations were used to determine the stress 
concentration factor in rectangular plate with a 
central circular hole of different ratio (0.2, 0.4 and 
0.6) and subjected to axial load are shown in 
Figure.3-5. 

 
Fig.3. Effect of central hole on Von – Mises stress 

for  ܌
۲

= . 
 
The Fig. 3 depicts the maximum Von – Mises stress 
for central circular hole on a rectangular plate of ratio 
0.2 is 298.31 Mpa. The maximum stress occurs at 
centre of the hole as expected in more particular at 
the corner of the major axis at bottom side. The stress 
concentration is 2.386.  

 
Fig.4. Effect of central hole on Von – Mises stress  

for  ܌
۲

= . 

 
The Fig. 4 depicts the maximum Von – Mises stress 
for central circular hole on a rectangular plate of ratio 
0.4 is 383.21 Mpa. The maximum stress occurs at 
centre of the hole as expected in more particular at 
the corner of the major axis at bottom side. The stress 
concentration is 2.299. The magnitude of stress 
increases as the ratio of hole to width increases which 
reflects in the deformation of the plate. 
 

 
Fig.5. Effect of central hole on Von – Mises stress  

for  ܌
۲

= . 

The Fig. 5 depicts the maximum Von – Mises stress 
for central circular hole on a rectangular plate of ratio 
0.6 is 551.24 Mpa. The maximum stress occurs at 
centre of the hole as expected in more particular at 
the corner of the major axis at bottom side. The stress 
concentration is 2.205. The magnitude of stress is 
more than the other two cases due to increase of ratio 
and hence the deformation is higher. 

 
Table: 2 Error Percentage of SCF 

 
 
To validate the use of Solidworks simulation software 
in obtainment of stress concentration factors, the 
percentage of error presents between the theoretical 
data and those obtained through simulations, which 
are listed in table 2.  
 
CONCLUSIONS 
 
From the finite element analysis the following 
conclusions are reported. 

1. The maximum stress occurs around the centre 
of hole for all cases. 

2. SCF is sensitive to ୢ
ୈ

  ratio and the simulation 
shows that higher the value of ratio, higher the 
maximum stress. 

3. It is observed that the maximum von – Mises 
stress are 313.25 N/mm2, 372.17 N/mm2 and 
526.50 N/mm2 for Analytical Method and 
298.31 N/mm2, 383.21 N/mm2 and 551.24 
N/mm2 for Finite Element Method when 
geometric relationship between the hole 
diameter and the width of the plate are 0.2,0.4 
and 0.6 respectively. 

4. The shape deformation of plate also depends 
on the ୢ

ୈ
  ratio. 

5. It is observed that the error percentage are 4.8 
%, 2.9 % and 4.7 % when geometric 
relationship between the hole diameter and the 
width of the plate are 0.2,0.4 and 0.6 
respectively. 

 
REFERENCES 

 
[1] Konish, H.J. and Whitney, J.M., “Approximate Stresses 

in an Orthotropic Plate Containing a Circular Hole”, 
Journal of Composite Materials, Vol. 9, pp. 157-166, 
1975. 

[2] Jinho    Woo, and    Won-Bae Na, “Effect of Cutout 
Orientation on Stress Concentration of Perforated plates 
with Various Cutout and Bluntness”, International 
Journal of Ocean system engineering Vol. 1, pp. 95-
101, 2011. 

[3] Tan, S.C.,“Laminated Composite Containing an 
Elliptical Opening Approximate Stress Analyses and 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,  Volume- 3, Issue-5, May-2015 

SCF On Isotropic Rectangular Plate With Central Circular Hole Using Finite Element Analysis 
 

117 

Fracture  Models”, Journal of Composite  Materials, 
Vol. 21, pp. 925-948,  1987. 

[4] Troyani, N. Gomes C, Sterlacci G., “Theoretical stress 
concentration factors for short rectangular plates with 
centered circular holes”, Journal of Mechanical Design, 
pp. 126-128, 2002. 

[5] Ko, W. “Stress concentration around a small circular 
hole in the Hi-Mat composite plates”, NASA TM 
86038, 1985. 

[6] Stanley, P. Day, B.V. “Stress concentrations at an 
oblique hole in a thick flat plate under an arbitrary in-
plane biaxial loading”, Journal of strain analysis for 
engineering design, Vol. 28, pp. 223-235, 1993. 

[7] Sharma, D. S.  Panchal Khushbu, Patel Nirav, “A 
general solution for stresses around internally 
pressurized circular hole in symmetric laminates”, 
Nuicone, 2011.  

[8] Sharma, D. S.  Nirav, P. Patel, Khushbu C. Panchal, 
“Stress distribution around triangular hole in orthotropic 
plate”, Nuicone, 2010.  

[9] Gao, X. L.  “A general solution of an infinite elastic 
plate with an elliptic hole under biaxial loading”, 
Journal of Pressure Vessels and Piping, Vol. 67, pp. 95-
104, 1996. 

[10] Pilkey, W. D. and R. E. Peterson, “Peterson’s Stress 
Concentration Factors”, 2nd. NewYork, Wiley 1997. 

 
 
 
 
 
 
 
 


  

 


