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Abstract 

 

Analytical investigation is undertaken to study the stress analysis of plates with different central cut-outs. The understanding of 

the effects of cut-out on the load bearing capacity and stress concentration of such plates or shells is very important in designing 

of structures. Particular emphasis is placed on flat in finite plates subjected to a uni-axial tension load. The results based on 

analytical solution are compared with the results obtained using finite element methods. The objective of this study is to 

demonstrate the accuracy and simplicity of presented analytical solution for stress analysis of plates with special shaped central 

cut-out. The varying parameters, such as cut-out shape, load direction or cut-out orientations, which affect the stress distributions 

and stress concentration factor in the metallic plates, are considered. The results presented herein indicated that the stress 

concentration factor of metallic plate significantly changed by using special shape cut-out, bluntness and orientation.       
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The idea of using two materials like mild steel and Cast Iron have advantages and mostly used. Any discontinuity in structure 

penetrates the strength of the structure. The stress flow is changed due to discontinuity. The stresses Concentration near the cutout 

or discontinuity are of concern during the preliminary and detail design of any structure. The cutouts are made in structure as per 

service requirement and uses. Analytical analysis and experimental measurement show that in a loaded structural member, near 

changes in the section, distributions of stress occur in which the peak stress reaches much larger magnitudes than does the average 

stress over the section. This increase in peak stress near cutouts (holes, grooves, notches, sharp corners, cracks, and other changes 

in section) is called stress concentration. The section variation that causes the stress concentration is referred to as a stress raiser.  

This cutout or discontinuity works as stress raisers and may lead to the failure of the structure. Hence it is an important to stress 

analysis to find the stress concentration for regular or irregular holes. The irregularity in the cutout shape may be because of 

chemical degradation. As far as numerical methods are concerned, a very fine mesh is needed in order to obtain realistic stress 

results around the critical zone. Although nowadays modern finite element based software has possibility to analyze models with 

large degrees of freedom that significantly increases the computation time. The aim of this paper is to investigate the stress 

concentration in metallic plate with circular hole. The plate with cutout or holes is called as perforated plate. The different types 

of shapes of cutout are used for different application. In general plates are easily manufactured and are widely used for fabrication 

of structural members and eventually for construction of civil and mechanical structures. The plate with holes are used in heat 

exchanger, coal washer, thresher machine, shadow masks, washing machine and many more. The holes in plate are arranged in 

circular, triangular and square pattern 

II. MATERIALS AND METHODS 

A metallic plate is considered in this study. A central cutout of diameter D is located at the center of plate (Fig 1). For noncircular 

cutout, D is the diameter of the circum scribe circle of the cut out. The cutout size is small enough, such that its effect will be 

negligible at a distance of a few diameters from it sedge. Similar mode ls were considered for circular, rectangular shape cutouts. 

Assume that a uniformly distributed tensile load is applied at a large distance from the cutout. The load is applied at angle a with 

respect to horizontal axis. The material properties used in this study are listed in Table 1. 



Stress Concentration of Mild steel Plates using Different Cut-Out  
(IJIRST/ Volume 5 / Issue 11 / 012) 

 

 
All rights reserved by www.ijirst.org 75 

 
Fig. 1: A plate with a central cutout under uniaxial tension. 

Table – 1 

material property 

Material E(GPa) G(GPa) µ 

Mild Steel 200 79.3 0.3 

 Calculation for Circular hole 

 
Fig. 2:  Plate with Circular hole 

b = 100 mm 

t = 10 mm 

d = 25 mm 

p = 10 kN 

Area of Plate A = (b – d) x t 

                         = (100 – 25) x 10 

                         = 750 mm2 

Now, 

Stress = 
Force

Area
 

= 
10 000

750
 

 = 13.33 N/mm2 

 
Maximum Stress = Nominal Stress x Stress Concentration Factor 

= 13.33 x 3 

= 39.99 N/mm2 

= 40 N/mm2 

III. EXPRIMENTAL SETUP 

The experimental approach to modeling the dynamic behaviors of structures through impact hammer test modal testing consists of 

these four steps: 

1) Setting up the modal test 

2) Taking the measurements 

3) Analyzing the measured test data 

4) Documented results and compare with modeling data. 
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The UTM (Instron 1342) is a servo hydraulic fluid controlled machine, consists of a two column dynamically rated load frame 

with the capacity of load up to 100kN (dynamic), hydraulic power pack (flow rate 45 litre/minute) and 8800 Fast Track 8800 

Controller test control systems is stand alone, fully digital, single axis controller with an inbuilt operating panel and display. The 

controller is fully portable and specifically designed for materials testing requirement.  

This controller has position, load and strain control capability. The software available with the machine are: 

1) Merlin Testing Software for Tensile Test 

2) da/dN Fatigue Crack Propagation Test. 

3) Kic Fracture Toughness Test. 

4) Jic Fracture Toughness Test.  

The deformation of the structure is recorded by the ESPI system. Using digital analysis and correlation methods, the specimen 

displacements and deformations are calculated automatically from the changes in the pattern on the specimen surface. The visual 

information obtained by Q-100 (ESPI) is ideal for the comprehension of the behavior of the specimen. The numerical values of 

displacements and deformations can be employed for a comparison of the real behavior of the specimen with the calculations 

obtained by finite elements. The tests were realized with an universal testing machine (Fig.3) equipped with a 100 kN load sensor. 

Several parameters can be acquired a same time (time, applied load); data acquisition needs to use an extensometer and data 

processing equipment. 

 
Fig. 3: Tensile testing machine. 

 

The geometrical aspect of the test specimens were performed in accordance with ISO 527 or NF T57-301 standards which are 

applied to plate. These standards suggest the use of test specimens with a length of 100 mm and a width of 10 or 15 mm. The ESPI 

system is placed on the surface painted in white to improve the quality of the captured images. The tensile properties are given in 

Table 2. 
Table – 2 

Tensile Properties: 

E 

(GPa) 

G 

(GPa) 
µ Thickness 

Diameter of hole 

(mm) 

200 79.3 0.3 10 30 

IV. FEM STRUCTURAL ANALYSIS 

Structural testing and analysis is a basic requirement for engineers in every industry. In fact, the use of FEA for structural analysis 

has become so commonplace that some suggest it is “commodity technology” that can be selected on the basis of price. Smart 

engineering and CAE managers, however, are recognizing that price and cost are not synonymous. Choosing structural analysis 

solutions that can grow with your evolving needs,  

ANASYS Software provides a family of high performance solutions for structural FEA that meet the needs of beginning 

engineers and designers, experienced experts, and everyone in between. These solutions help companies meet their business 

challenges by helping engineers to develop deeper insight in their products through virtual testing. Engineers using MSC structural 

analysis are able to evaluate many different types of designs, giving high confidence that the final design will successfully meet 

prescribed requirements, before the physical product is built. From single components to large complex systems, from linear static 
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to highly non-linear dynamic problems, MSCs structural analysis capabilities are built to grow with your business, optimize your 

cost of ownership, and support you in achieving your goals. 

 Divide structure into pieces (elements with node). 

 Describe the behavior of physical quantities on each element. 

 Connect (assemble) the elements at nodes to form an approximate system of equations for the whole structure. 

 Solve the system of equation involving unknown quantities at nodes (e. g. displacements). 

Calculate desired quantities (stress and strains) at selected elements 

V. ANALYSIS PROCEDURE 

The geometry of the model was created using CAD program based on the original shape of the model. The model is then imported 

to FEA program to perform the modal analysis. In the pre-processor stage, the FFE (fast finite element) solver used subspace 

method to calculate 20 modes in addition to any rigid body modes available in the model. The default FFE solver detects rigid 

body modes (modes with zero frequency) automatically. All the four bolts holes are fixed. In addition, the rigid body modes are 

not counted among the requested number of modes. In the solution processing stage, the program runs a linear static analysis to 

calculate the deformed shape and then calculates the frequencies and mode shapes.  

During the post processing stage, the corresponding frequency of the mode shape as well as the displacement of the plate plot 

on deformed or undeformed shapes. To simplify the analysis, only plates with circular/elliptical/triangular cross-section are 

modeled. The mesh was generated by ANSA with hex elements. We also use ANSA to assignment of the materials properties, 

define contacts, and set appropriate boundaries and loadings during analysis. The operation of a specific code is usually detailed 

in the documentation accompanying the software, and vendors of the more expensive codes will often offer workshops or training 

sessions as well to help users learn the intricacies of code operation. 

            
               Fig. 4: Finite element model of a plate with Circular cutout.     Fig. 5: FE model meshing and boundary conditions 

               
Fig. 6: Von-Mises stress distribution in the Plate: a) small circular cutout; b) big circular cutout 
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Fig. 7: Von-Mises stress distribution in the Plate with rectangular cutout 

VI. RESULTS AND DISCUSSION 

Stress concentrations in metallic plates with central cutouts are investigated. A uniformly distributed tensile load is applied at a 

large distance from the cutout. The varying parameters such as cutout shapes and bluntness, load direction or cutout orientations, 

which affect the stress distributions and SCF in the perforated plates, are considered.  

In this study, Metallic plates with circular, square cutouts are investigated. In the following sections, effect of each parameter 

on SCF of these special shaped cutouts is presented. 

 
Fig. 8: Different cutout shapes considered in this study 

   
Graph 1: SCF with rectangular cutout                                       Graph 2: SCF with rectangular cutout 

VII. CONCLUSION 

From analysis it is observed that the maximum stress in the metallic (Mild steel) plate with the circular cutout is about three times 

the applied load. Depending on cutout shapes, bluntness and rotation effects on stress concentration vary. However, in general, as 

bluntness increases, the stress concentration increases. The more important finding is that as the stress concentration increases, as 

the cutout become more oriented from baseline. In general, in the case of the triangular cutout, it is preferable to orient one side of 
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the triangular cutout to be perpendicular to the applied load. Similarly, in the case of the square cutout, it is more advantageous to 

orient two sides of square cutout to be perpendicular to the applied load. From the experimental analysis for plate with circular, 

square and triangular cutout without bluntness, the stress concentration for circular cutout is less than the square and triangular 

cutout and the stress concentration for square cutout is less than the triangular cutout. The stress concentration for triangular cutout 

is highest. By comparing the results it is found that, the stress concentration by experimentation and by FEM are in close agreement. 
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