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1. Introduction 

The paper presents an analysis of stresses and strains in both finite and infinite rectangular 

homogeneous, isotropic elastic plates with a circular hole in the middle loaded by a uniform tensile 

traction. According to Timoshenko and Goodier [1] the ratio between the axial stress in the fibre 

tangent to the hole and the applied axial traction (the stress-concentration factor) for a plate of infinite 

width does not depend on the hole size and is equal to 𝑘 =
𝜎𝑚𝑎𝑥

𝜎nom 
= 3.  

For a plate of finite width, the stress-concentration factor differs somewhat [2], but the difference 

between the two results is substantial only for relatively narrow plates. A number of experiments in 

the literature, however, indicate that these analytical results overestimate the stress-concentration 

factor [3,4]. 

To investigate this discrepancy further and propose a possible explanation of this phenomenon, a 

set of experimental and numerical tests is conducted.  

2. Numerical analysis  

Three specimens of equal length (400 mm) and thickness (4 mm), but of different width (480, 

240 and 120 mm) are analysed numerically. The results for the stress-concentration factor obtained 

using very fine finite-element meshes are shown in Table 1. It is obvious that for the widest specimen 

the stress-concentration approaches the theoretical result of [1]. 

Table 1. Stress-concentration factor for different hole diameter to plate width ratio 

3. Experimental analysis  
 

3.1 Direct strain measurement 

The material is an aluminium alloy with Young’s modulus and Poisson’s ratio obtained from an 

earlier experiment [5], as E = 67050.5 MPa and n = 0.3. A number of narrow strain gauges 

(measurement area 3 x 0.4 mm) will be attached at specific characteristic points. The samples will be 

subjected to uniaxial tension using the universal pressure-tensile testing machine Zwick-Roell Z600. 

The load will be applied in the displacement-control mode and the maximum applied displacement 

is conditioned by the fact that the specimen needs to stay in the liner-elastic region during the whole 

experiment. The force will be acting on the upper grip while the lower grip will be fixed as shown in 

Figure 1. For each specimen, three samples will be analysed in detail.  

Specimens Hole diameter to 

plate width ratio 

Numerical stress 

concentration factor k  

1st  sample (width 120 mm) 0.08 2.615 

2nd sample (width 240 mm) 0.04 2.728 

3rd sample (width 480 mm) 0.02 2.774 
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3.2 Optical measurement 

While the strains will be monitored at characteristic points using strain gauges, the total 

displacement field will be monitored by non-contact measurement using GOM Aramis 3D optical 

system with 12M cameras. The recorded experiment will then be post-processed by a digital image 

correlation (DIC) method. For this purpose, it is necessary to adequately prepare the surface of the 

specimens before the experiment. First, the samples should be carefully cleaned and then sprayed 

with white mat paint in order to provide anti-reflective background. Then, small black paint-drops 

will be sprayed evenly to form a random black and white pattern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Uniaxially loaded plate with a central circular opening 

4. Conclusions 

The objective is to perform the lab tests to see if the reduced experimental value for the stress-

concentration with respect to numerical simulation reported in the literature may be confirmed for 

the three samples varying from finite to an infinite plate under uniaxial tension. An attempt will be 

made to explain any discrepancy between the experimental results and the numerical results that may 

be encountered by an alternative non-classical theory of elasticity. 
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