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Abstract: The results of local stress of cylindrical specimens during the tensile test were demonstrated in the
article. It is noted that, depending on the configuration of the loaded surface, the stress value of material can increase
or decrease linearly or cyclically non-linearly in different sections of the specimen.
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Introduction
The process of tensile testing of metal cylindrical
specimens has been studied in a number of scientific

papers [2-10]. In accordance with 1SO 6892 [1],
special specimens are prepared and tested for their
tensile strength on a tensile testing machine. The
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essence of the test is to determine the magnitude of the
load leading to partial destruction of the specimen.
Thus, the maximum tensile stress of material will be
obtained. The loaded state of the specimen is tracked
according to the dependence of the tensile test
diagram. This diagram describes the stress state of
material under tension in general, but the nature of the
deformation (stress) of the specimen elements does
not give. This gap can be filled by computer
calculation of the stretching process of the specimen
model. The results obtained will complement the
general picture of the stress state of the specimen
during stretching.

Materials and methods

A three-dimensional solid-state model of the
cylindrical specimen was subjected to a tensile test.
The testing was implemented in the Comsol
Multiphysics computer program. The properties of
steel were given to the specimen (Young's modulus
and Poisson's ratio were assumed to be 210 GPa and
0.3, respectively). The initial estimated length and
diameter of the specimen model were assumed to be
55 and 10 mm, respectively. A force of 30 kN was
applied to the specimen model. The degree of stress of
the specimen after the test was determined along the
axial line, on the fillet and on the cylindrical surface.

Results and discussion

The results of the computer calculation of stress
of the specimen material subjected to stretching are
presented in the Fig. 1.

A mirror reflection of the stressed state of
material is observed along the entire length of the
specimen. This is due to the symmetrical
configuration of the specimen. The maximum von
Mises stress is observed at the estimated length of the
specimen. At this length, the destruction of the
specimen material occurs after exceeding the tensile
strength. From the largest to the smallest cross
sections of the specimen, the von Mises stress varies
by almost 10 times. The difference in the maximum
values of the von Mises stress on the axial line and the
outer cylindrical surface of the specimen is observed
by 1.5 times. In this case, the surface layers of the
specimen cylinder are subjected to stress cyclically
(values vary in ascending and descending functions).
These changes do not lead to a significant jump in the
stress values of the specimen material. The fillet is a
smooth radius connecting two cylindrical surfaces
with different cross sections. The fillet reduces the
value of stress in a large range. On the section of the
fillet of 6 mm, changing the von Mises stress occurs
10 times. This proves the effectiveness of performing
this element to increase the strength of the specimen
during tensile deformation.
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Figure 1 — The von Mises stress values: A — on the total length of the axial line of the specimen; B —on the
length of the fillet of the specimen; C — on the circumference length of the specimen.

Conclusion

Thus, the maximum stress of material is
observed at a distance of half the estimated length of
the specimen subjected to stretching. According to the
highest values of the von Mises stress determined
along the axial line, it is possible to make a prediction

about the possible destruction of the specimen at the
marked distance. The smooth radius on the specimen
reduces the local stresses of material up to 10 times
over a short length. The cylindrical surface is
subjected to stress cyclically, but significant stress
drops are not observed.
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