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Abstract - Stress concentration in a rectangular plate with central hole under static loading, have found widespread 

applications in various fields of engineering such as Aerospace, Marine and Automobile. For design of plates with hole, 
accurate knowledge of deflection and stress are required. Stress concentration arises from abrupt change in geometry of plate 
under static loading. As a result, stress distribution is not uniform throughout the cross section. Various stress reduction 
techniques are available to determine stress concentration factor under different loading conditions such as experimental, 
analytical and numerical method. Though experimental methods give the most reliable results, it is very costly, as it requires 
special equipments, testing facilities etc. Analytical solution of every problem is almost impossible because of complex 
boundary conditions and shapes. For this reason the numerical methods had become the ultimate choice by the researchers in 
the last few decades. In the present paper an attempt  has been  made to review various stress reduction techniques. 

 

Index Terms - Stress Concentration Factor, Auxiliary Holes. 

 

I. INTRODUCTION 

 

Most of the engineering applications consist of 

assembly of simple elements, which are connected to 

each other by joints. Joints or connections that are 

usually made in steel structures are mechanical 

fastening using bolts or rivets. In the mechanical 

fastening, holes are made to place the bolts or rivets; 

these make the structure weak and susceptible to 
failure. Therefore, it is necessary to investigate the 

state of stress around the holes for the safety and 

proper design of such structures.  From the point of 

view of the above facts, it is of great importance to 

understand the behavior of the steel structures with 

holes. 

 

II. STRESS CONCENTRATION 

 

The referenced collection of stress concentration 

factor data is in Peterson [1]. This book compiles the 
theoretical and experimental results of many 

researchers in to useful design charts from which the 

values of stress concentration kt (for normal stress), 

for various geometric parameters and types of loading 

can be read. Rorak and Young [2] also provide tables 

of stress concentration factors for a number of cases. 

The ratio of the maximum stress over the average 

stress computed in the critical section of the 

discontinuity is kt= σmax/σapp 

 

Where σmax and σapp are the maximum stress and 

applied stress, respectively. The value of kt was 
plotted by Frocht (discussed by Beer and Johnston 

[3]). Amelio M. D’Arcangelo [4], investigated the 

variation of the maximum stress concentration factor 

as a function of the corner radius to the opening width 

ratio in a rectangular plate with a central hole. 

Therefore, more study or more investigation is 

required to minimize the stress concentration effects 

of the structure. 

III. LITERATURE REVIEW 

 

The stress distribution around holes in a plate has 

been treated extensively in the literature. An 

experimental solution was given by P. E. Erickson 

and W. F. Riley[5] in the year 1978, which was 

carried using Photoelastic method. They obtained the 
photoelastic isochromatic fringe pattern. Fig.1. 

 
Fig.1. Photoelastic isochromatic fringe patterns from a model 

with auxiliary holes[4] 

 

The results of the study indicates that, the stress 

concentration effects of a central circular hole in a 

uniaxially loaded plate can be reduced by 13 to 21 

percent by introducing auxiliary holes on either sides 

of the central hole. Such a reduction of stress 

amplitude could have a significant effect on the 
fatigue life of a part. 

 

A considerable reduction in stress concentration can 

be observed by the experiments conducted by   K 

Rajaiah and N K Naik [6] Fig.2. 
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Fig.2. Showing comparison in reduction of stress concentration 

with change in shape of the holes in a plate. 

 

Introducing the auxiliary holes with optimum hole 

size and spacing around the central hole shapes led to 

a significant reduction in SCF for d/w=0.222, the 

percentage reduction in SCF is 30 as compared with  

circular holes. For different d/w value, it should be 

possible to get higher gains. 

 

As studied by S A Meguid and S X Gong[ 7 ] in the 

year 1992, includes  an analytical solution which is 
based on complex potentials of Muskhelishvili and 

Laurent series expansion is developed and compared 

with finite element and photoelastic results for 

number of auxiliary hole configurations. 

They developed two different defence hole 

configurations Fig. 3. a&b.  These two configurations 

were analyzed with finite element method Fig.3. and 

photoelasticity methods , then compared with the 

analytical solutions derived from Complex potentials 

of Muskhelishvili. 

 
Fig.3a  Defence (auxiliary) hole configurations 

 

 
Fig. 3b.  Defence (auxiliary) hole configurations 

 

 
Fig.3c. Finite Element Modeling of the specimen 

A solution was provided for an elliptical hole in a 

tension strip by T W Ulrich and F A Moslehy[8] in 
the year 1995. A method based on boundary elements 

and mathematical programming to determine these 

auxiliary holes was accompanied. The mathematical 

programming method consists of a modified 

Newton’s method and subsequent parallel tangents 

method (PARTAN). 

In this, a modified PARTAN algorithm is developed, 

which takes points to the canyon by using parallel 

line searches to obtain a center and two points on 

either side. The line search routine checks for 

maximum stress switching from one point to another 

point on the boundary. This routine then calls 
additional routines which perform linear and 

quadratic interpolation between all local maximum 

stress points to find the optimum crossing or 

intersection points. Fig.4. 

 

 
Fig.4 Contour-map showing PARTAN method. 

 

In the year 2006,N T Younis[9] conducted a 

systematic study utilizing the experimental method 

was undertaken to determine the effects of assembly 

stress on the stresses around circular holes under 

uniaxial tension. The assembly stresses are the results 

of the contact stress between plates as well as the 
bearing stress between bolts and the plate. 

The magnitude of strain and stress concentrations 

around circular holes in plates used as components of 

machinery and structures have long been an 

important design consideration. Therefore, through an 

experimental investigation, the stress distribution 

around a circular hole under the influence of 

assembly stress was examined. 

The results of the study indicate that stresses of a 

central circular hole in uniaxially loaded plate can be 

significantly reduced utilizing the assembly stresses 

typically used in connecting two-force members Jain. 
N.K. [10 ] In the year 2011 imposed finite element 

study  for reduction of stress concentration factor for 

isotropic/orthotropic plate with central circular hole.  

And showed  24.4 %  to 31 %  of reduction. 

 

J. Carrera et al. [11 ] A three-dimensional photo 

elasticity analysis and an interactive finite-element 
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package were used in parallel to analyze the stress 

distribution on the root of blind-holes in thin plates. 
Experimental analysis was conducted via stress 

freezing method. The FEM analysis was performed 

with the ABAQUS commercial code using material 

properties obtained experimentally as input. The 

results showed that the maximum stress distribution 

occurred in three zones: the first one at the beginning 

of the blind-hole; the second one at the transition 

zone where the root begins his shape; and at the 

center of the root. These results are expected to 

improve blind-hole design according to its function 

Abdul siddique shaik et al. [12] Finite Element 

simulations using Ansys have been done for stress 
analysis around the circular hole, made up of 

different materials i.e carbon / epoxy and also with 

mild steel. From the results it is concluded that 300 

fiber is the optimum fiber where SCF is less than the 

other fiber angles.  Where comes to other angles 00 

holds good in stress and 900 in deflection.The suitable 

optimum fiber angle for rectangular plate with central 

hole when working with composite materials is 300. 

Sohanur Rahman [13] The orientation of a 

rectangular opening in a plate subject to a uniaxial 

stress has an important effect on stress distribution. In 
this paper, the effect of von mises stress has been 

investigated for various corner radius of rectangular 

opening to opening width ratio of a finite rectangular 

plate, from this analysis the suitable model has been 

selected and on the basis of that model the effect of 

von mises stress also has been investigated for 

various opening width to length ratio and from this 

analysis most desirable model has been selected when 

the value of opening width to length ratio is 0.5. 

 

CONCLUSIONS 

 
In the present work, systematic review with recent 

developments has been presented to understand the 

behavior of stress concentration factor under different 

conditions to reduce the effect of stress concentration 

due to discontinuities in the geometry. 
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