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1. Introduction 

Stress concentration around a circular hole in a 

symmetric plate subjected to uniaxial tension is a 

well-known and extensively studied problem. Var-

ious experimental studies of this problem have 

been carried out in the last century, on specimens 

of different materials and with different shapes of 

holes [1], [2], but we will limit ourselves here to 

the fundamental example of a symmetric homoge-

neous and isotropic strip plate with a circular hole. 

The literature review [3], [4] shows that each suc-

cessfully conducted experiment indicates that low-

er stress values occur at the edge of the hole than 

theoretically assumed. In other words, it has been 

observed that the stress profile along the specimen 

transverse section obtained theoretically does not 

match the experimental measurements.  

Motivated by the observed discrepancies, this 

paper is focused on answering two essential ques-

tions: can we confirm that the classical theory of 

elasticity does not describe the considered problem 

well enough, and can we propose a better theoreti-

cal prediction? For this purpose, we have per-

formed the tensile tests on aluminium specimens. 

The experimentally measured strains have been 

compared with the results of a numerical model 

based on the classical theory of elasticity, and the 

discrepancies between the two sets of results re-

ported in the literature have been confirmed. 

Hence, we have looked for a possible solution to 

this problem in the framework of an alternative 

continuum theory, the so-called micropolar (Cosse-

rat) continuum theory [5], which is the subject of 

intense research of our group. 

2. Methodology of experimental testing 

A set of experimental tests has been performed 

on three specimen types made of aluminium extru-

sion alloy EN-AW 6060 t66 with different ratios 

between a hole diameter (d) and the specimen 

width (w). The geometrical characteristics of the  

 

 

specimens are L = 300 mm (length), w = 60 mm 

(width), and t = 7 mm (thickness). Based on the 

hole diameters d = 10, 15, and 20 mm of the spec-

imen types, each specimen has been denoted as 

PH10-i, PH15-i, and PH20-i, respectively, where i 

= 1, 2, 3 denotes the specimen number. The modu-

lus of elasticity E = 67050.55 MPa and Poisson's 

ratio n = 0.3 have been determined from the stand-

ard tensile test. Two types of strain gauges with the 

smallest possible measuring areas have been at-

tached to each specimen inside and near the hole to 

measure the longitudinal strains, as shown in Fig-

ure 1. All nine prepared specimens have been sub-

jected to uniaxial tension using Zwick/Roell Z600 

testing machine [6].  

 

Fig. 1. Prepared specimens for the experiment.  

The tensile force has been applied under dis-

placement control of a constant rate of 0.2 mm/min 

up to the maximum force F = 20 kN for all three 

specimen types, causing no plastic deformation at 

the point of the highest stress concentration. 

3. Numerical investigation based on the 

classical theory of elasticity 

In order to compare the experimental and nu-

merical results, a virtual experiment has been per-

formed. The geometry of the specimens has been 

defined in Gmsh 3.0.5. software where it has been 

discretised by a dense mesh of planar quadrilateral 
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finite elements with four nodes. Given that there 

are two axes of symmetry, only one-quarter of the 

whole sample model is considered. The finite ele-

ment meshes thus generated have been introduced 

into FEAP [7] along with appropriate boundary 

conditions, material properties, and uniformly dis-

tributed load. In the numerical analysis, the prob-

lem is considered as a plane-stress state and mod-

elled by the described mesh with standard La-

grange Q4 finite elements. To validate the numeri-

cal model, the values of the stress concentration 

factor obtained in the node at the edge of the hole 

have been compared with Howland’s analytical so-

lutions [8] for all three specimen types, where an 

average error is 0.14%.  

 

Fig. 2. Comparison between the experimental and nu-

merical results for all three specimen types.  

The results are shown in Figure 2., where the 

curves present the numerical values of the strains 

along the profile of the specimens from the edge of 

the hole to the edge of the specimens [6]. It can be 

seen that there is a gap between these results, con-

firming the observation from the literature that the 

classical theory of elasticity cannot fully describe 

the behavior of this problem, even in the case of a 

homogeneous plate. 

4. A quest for a better solution 

We investigate the application of the micropo-

lar theory of elasticity, developed to describe the 

phenomena that the classical theory cannot, as one 

of the possible solutions for a better description of 

the considered problem. In micropolar theory, in 

addition to the displacement field, there also exists 

an independent microrotation field, and it is neces-

sary to know the values of six material parameters 

in order to completely describe such a material. In 

further work, we will investigate is it possible to 

determine the extra micropolar constants whose 

values will provide a complete fit of the numerical 

results to the experimental ones [6]. 

5. Conclusions 

This paper describes the experimental and nu-

merical investigation of aluminium specimens with 

a circular hole subjected to uniaxial tensile loading. 

As expected, the experimental strain results ob-

tained by strain gauges are always smaller than the 

numerical assumptions based on the classical theo-

ry of elasticity. We propose the application of the 

micropolar theory of elasticity as one of the possi-

ble solutions to better describe the behavior of this 

problem. A methodology based on parametric and 

inverse numerical analysis of the considered prob-

lem is suggested for the determination of the un-

known micropolar parameters, which will be car-

ried out in the future work. 
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