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Abstract: In this study, stress concentration factors (SCF, Kt) of rectangular plate with multiple opposite 

semicircular notches are considered under uniform tensile stress so as to analyze the notch deformation due to the 

effect of stretching of plate. The maximum stress in the notched plate is found to determine the stress 

concentration factor. A plate with multiple notches under the axial load creates stress concentration near the notch 

and it is much larger than the average stress on the plate. Both analytical and finite element methods are used to 

calculate the maximum stress around the notch. SolidWorks Simulation 2014 has been employed for modelling 

and static analysis of linear elastic isotropic rectangular plate of size 700 x 400 x 20 mm. The uniform tensile load 

of pressure with a magnitude of 75 Mpa is applied on both sides of rectangular plate normal to the sides of notches 

with three different notch radius to plate width ratio (
  

 
) = 0.2 , 0.3 and 0.4, corresponding notch radius to center 

distance (
  

 
) = 0.4, 0.6 and 0.8. The result obtained on both analytical and finite element methods are compared 

and the percentage of error has been evaluated. 
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I. INTRODUCTION 

In design aspect of any engineering structure, machinery and equipment, the stress concentration is one of the major 

considerations for the successful design as it can cause fracture to various mechanical components and the machine, 

structure may eventually get failed to function for the purpose it is supposed to be designed. The rectangular plate with 

holes and notches find its application in field of automobile, mechanical, aerospace and marine components. The presence 

of holes or notches in such components reduces the mechanical strength due to the large stress concentration near the 

holes or notches that causes the alleviation of fracture occurrence under service loads. Therefore, it is essential to study 

and analyse the state of stress around the holes and notches and also the load bearing capacity of these structures or 

machine components for the optimum design with safe life of component [1].The cause of highly localized or 

accumulation of stress near the change of cross section or clustering of stress lines at the point of discontinuity is termed 

as stress concentration [2].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 [3].There 

are different ways of determining the stress concentration factor in flat plates. Experimental, numerical and analytical 

methods are used to determine stress concentration factor [4].The study of the importance of SCF in isotropic plates is 

well established. Previous works on stress concentration presented a series solution for stress field around circular holes in 
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plates with arbitrary thickness [5].A wide range of holes diameters to plate thickness with Schwarz–Christoffel 

transformation has been used to evaluate the stress concentration factor for an infinite plate with central triangular cut-out 

[6]. The numerical results based on generalized work–energy method for rectangular plates with circular cut-out and 

circular plates with a rectangular cut-out has been presented [7]. Ultimate strength of metallic plates with central circular 

cut-out under shear loading has also been investigated [8]. The stress concentration of finite composite laminates with 

elliptical hole and multiple elliptical holes based on classical laminated plate theory has been evaluated [9]. A 

mathematical analysis of the isotropic plates subjected to in plane loading is performed to calculate stress concentration 

factors [10].The stress concentration factor for U notches which support mixed loads is studied in which the authors use 

the criterion based on the deformation of the average energy density concept [11].Stress concentration in a round bar with 

a circular arc or V-shaped notch with bending load, tensile load and torsional load is analyzed in [12]. The comparative 

study of stress analysis for different types of notched plates has been explored in [13]. The present work deals with the 

modeling and static analysis of rectangular plate with multiple opposite semi circular notches for three different notch 

radius to plate width ratio in corresponding with the ratio of notch radius to center distance.  

II. METHODOLOGY 

A. Analytical Method: 

To account for the peak in stress near a stress raiser, the stress concentration factor or theoretical stress concentration 

factor is defined as the ratio of the calculated peak stress to the nominal stress that would exist in the member if the 

distribution of stress remained uniform; that is, 

                                                                                  
    

    
                                                                                     (1) 

Nominal stress of notched member      is usually taken to be the axial load divided by the cross sectional area measured 

at the notch (i.e., Area taken remotely from notch minus area corresponding to notch) 

                               
          

                    
             (2) 

 

Fig.1: Rectangular plate with multiple opposite semi-circular notches 

The figure 1 shows the rectangular plate of size 700 x 400 x 20 mm, with multiple opposite semi-circular notches which 

has been used for the analysis. It is considered three different dimensions of the notches, keeping width of the plate and 

center distance between the notches as constant. This plate is subjected to tensile load so as to find the stress in plate 

around the notches. 

B. Calculation: 

The stress concentration factor for the rectangular plate with multiple opposite semi-circular notches can be determined 

by the equation (3) 

                                (
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)                              (3) 
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Table I: Values of constant for multiple opposite semi-circular 

 

 

 

 

 

 

1. Maximum stress for (
  

 
    )  and (

  

 
    )   
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Where, 

 P = Axial Tensile Force in N = Pressure x (D x t) 

 D = Plate Width in mm 

 r = Notch Radius in mm 

 t = Plate Thickness in mm 

       
      

    
                  

                                  
  

2. Maximum stress for (
  

 
    )  and (
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3. Maximum stress for (
  

 
    )  and (
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C. Finite Element Method: 

The finite element method is a numerical technique for obtaining approximate solution to a wide variety of engineering 

problems. Finite element program SolidWorks simulation 2014 has been used to obtain the solution of the model which is 

being analyzed in this study.  
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Fig.2: 3D model of rectangular plate with multiple opposite semi-circular notches under constrain and axial tensile pressure 

load 

The figure 2 shows the 3D model of the rectangular plate with multiple opposite semi-circular notches. For the static 

analysis of plate, it is important to apply fixtures which prevent the out of plane rotations and free body motions there by 

the plate is subjected to uniform tensile load of 600000 N.  Two fixtures are applied along horizontal and vertical mid-

plane so as to prevent motion in the respective direction. One more fixture is applied on the vertex at the lower left corner 

in order to prevent motion normal to the plane. The model type of linear elastic isotropic has been selected with alloy steel 

of mechanical properties as shown in table II. 

Table II: Mechanical properties of alloy steel 

 

 

 

 

 

III. RESULT AND DISCUSSION 

The result obtained from both analytical and finite element methods yield very good agreement that the variation between 

two methods are within the acceptable limits. The figure 3-5 shows the  analysis of maximum stress experience by the 

rectangular plate with multiple opposite semi-circular notches of three different notch radius to plate width ratio (0.2 , 0.3 

and 0.4), corresponding notch radius to center distance (0.4, 0.6 and 0.8) under the axial tensile load.  

 

Fig.3 Effect of notch on the stress in ‘x’ direction for (
  

 
    ) and (

  

 
    ) 

Property Value Units 

Elastic Modulus 210000 N/mm
2
 

Poisson‟s Ratio  0.28 N/A 

Shear Modulus 79000 N/mm
2
 

Density 7700 kg/m
3
 

Tensile Strength  724 N/mm
2
 

Yield Strength 620 N/mm
2
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The maximum stress in the direction of „x‟ for the rectangular plate with multiple opposite semi-circular notch radius to 

plate width ratio 0.2 is 212.219 Mpa which is experienced in the plate around the notch as expected shown in figure 3. 

 

Fig.4 Effect of notch on the stress in ‘x’ direction for (
  

 
    ) and (

  

 
    ) 

The figure 4 shows maximum stress in the direction of „x‟ for the rectangular plate with multiple opposite semi-circular 

notch radius to plate width ratio 0.3 is 213.657 Mpa which is experienced in the plate around the notch as expected. The 

magnitude of stress increases due to the increase of notch radius which reflects in the deformation of the plate. 

 

Fig.5 Effect of notch on the stress in ‘x’ direction for (
  

 
    ) and (

  

 
    ) 

The figure depicts the maximum stress in the direction of „x‟ for the rectangular plate with multiple opposite semi-circular 

notch radius to plate width ratio 0.4 is 224.566 Mpa which is experienced in the plate around the notch as expected. The 

magnitude of stress is more than the other two cases due to increase notch radius and hence the deformation is higher as 

shown in figure 5. 

The percentage of error between analytical and finite element method for the maximum stresses experienced by 

rectangular plate with multiple opposite semi-circular notch has been presented in the table III 

Table III: Error percentage of        

 

 

 

S.No (
  

 
)  (

  

 
)  

       Analytical Method  

N/mm2 

        

Finite Element Method N/mm2 

Error 

Percentage(%) 

1. 0.2 0.4 205.65 212.219 3.2 

2. 0.3 0.6 206.261 213.657 3.6 

3. 0.4 0.8 217.836 224.566 3.1 
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IV. CONCLUSION 

The following conclusions have been reported from the static analysis 

1. The maximum stress occurs around the notches for all the cases. 

2. Higher the ratio of (
  

 
) and  (

  

 
) , higher the maximum stresses in the notches. 

3. The deformation of the notches also depend on the ratio of (
  

 
) and(

  

 
). 

4. The observation of the error percentages between the analytical and finite element methods are 3.2 %, 3.6 % and 3.1 

% for three different cases. 
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