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Summary: Constructing can be at a certain level of scieotiind technical
progress only if we have the development and agjbic of computer techniques
as an auxiliary tool. Due to its importance, the wd computers is growing into a
new discipline, and in constructing, computer teégbas is increasingly applied
and becomes a useful auxiliary tool. The applicatibcomputer techniques allows
the constructing process to be accelerated, fatdd and improved. Therefore, the
goal of this study is to show that by applying cotaptechniques and computer
programs, it is possible to achieve certain resuitshe constructing process very
quickly and easily. In this paper, the computergrean ANSYS was used to obtain
results on the trajectories of the main stressestsSTwere performed on plate-type
elements. They are uniaxially tensioned and weakbge rectangular opening in
the middle of the plate. The material of the platsteel.

Key words: Plate, rectangular opening, ANSYS computer prograrain
stress trajectories.

1. INTRODUCTION

Sustainable development is based on a model tlaitatively satisfies the
socioeconomic needs and interests of citizens,ewdtilthe same time eliminating
or significantly reducing impacts that threatendamage the environment and
natural resources [1]. One of the goals of sustdéndevelopment is the need for a
fundamental change in behavior from industrial peses to individual decisions.
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Making individual decisions is inevitable in theopess of constructing machine
parts.Machine parts are most often of irregulamgeioic shape and contain some
singularities, such as openings. In their studykohi et al. [2], consider the
influence of an elliptical opening on the state sifess in an anisotropic
(orthotropic) uniaxially tensioned plate exposedhe effect of static loading. The
application of numerical methods in solving theattyeof thin plates was dealt with
by Radojkovt et al. [3]. The aim of the research by Sarkocetial. [4] is the
creation of a document that specifies the best odsttfor assessing defects in
pipelines, i.e. a brief description of the Pipelibefect Assessment Manual
(PDAM). In their studies, Radojkovic et al. [5, @halyze the influence of
rectangular and square openings in isotropic platesthe distribution and
concentration of stress, during uniaxial and biateasioning of those plates. In
their study, Joksi et al. [7] deal with stress state analysis andrigea fork
optimization. Using finite element method and cotepuprogram ANSYS,
Radojkovic et al. [8] arrive at results on the stredistribution in uniaxially
tensioned rectangular steel plates weakened byllgatical opening. In their
studys, Igbal et al. [9] provide a systematic oimmof the stress concentration
factor (SCF) in composite reinforced Circular Hall&ection (CHS) joints, and
Hart and Terokhin [10] propose methods for redudtigss concentration around
holes in thin plates and cylindrical shells withnalar radially inhomogeneous
inclusions.

2. DISPLAY OF THE RESULTS OBTAINED USING THE ANSYS
COMPUTER PROGRAM

In this study, the finite element method and thegoter program ANSYS
[11] were used to obtain results on the trajecsodethe main stresses. Since the
finite element method uses finite elements to agprate the domain, 2D
triangular solid finite elements with six nodes ased here.

The obtained results on the trajectories of thennstiiesses, which were
reached in this study, refer to plate-type elemdhis dimensions of which in all
examples are 5 m2 mx 0.1 m. The plates are weakened by a rectanguéariog
in the middle. The lengths of the sides of theaegular opening ara = 100 mm
and
b = 20 mm, and the coordinate axeandy are parallel to the sides of the plate.
The tested plates are exposed to uniaxial tengibare the intensity of the tension
surface forces ip = 1 N/nf, and the angle between the lines of attack of the
tension forces and theaxis is denoted by. The material of the plates is steel, for
which the modulus of elasticity of the materiaEis= 2.1x10° MPa, and Poisson's
coefficienty = 0.33.

Figure 1 shows the trajectories of the main stess@ uniaxially tensioned
plate, weakened by a rectangular opening in thellmidf the plate, the length of
the sides of the openireg= 100 mm andb = 20 mm, the radius of rounding of the
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corners of the opening= 6 mm and when the angle between the attack tihtdse
tensile forces and theaxis isa = 60°.

Figure 2 shows the trajectories of the main stess¢he same plate, but for
the case when the angle between the attack lingsedénsile forces and theaxis
isa = 30°.

AHIYE 5.4
MER EF Z00%
07:E3:83
VELTOR
ITEF=1

B =1
TIME=L

3

Figure 1. The trajectories of the main stressegxially tensioned
plates weakened by a rectangular opening, sidesl@Gmm and b = 20 mm,
the radius of rounding the corners of the openirg@ mm and the angle = 60°

EMEYE 5.4
MR EE £005
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Figure 2. The trajectories of the main stressegxially tensioned
plates weakened by a rectangular opening, sidestl@@GEmm and b = 20 mm,
the radius of rounding the corners of the openirg@ mm and the angle = 30°
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Figure 3 shows the trajectories of the main stegsehe plate as in the
previous two cases, where the angle between thekdines of the tensile forces
and thex axis isa = 0°.

Figure 4 shows the trajectories of the main stegsehe plate as in the
previous three cases, where the angle betweerttdk éines of the tensile forces
and thex axis isa = 90°.
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Figure 3. The trajectories of the main stressegxially tensioned
plates weakened by a rectangular opening, sidesl@@GEmm and b = 20 mm,
the radius of rounding the corners of the openimrg& mm and the angle = 0°
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Figure 4. The trajectories of the main stressegxially tensioned
plates weakened by a rectangular opening, sidestl@@GEmm and b = 20 mm,
the radius of rounding the corners of the openirg@ mm and the angle = 90°
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3. CONCLUSION

The results on the trajectories of the main stgsse this paper, were
obtained using the finite element method and th&X8 computer program.

In the study, tests were performed on steel plafesectangular shape,
weakened by a rectangular opening in the middithefplate, whereby the tested
plates were subjected to uniaxial tension.

The aim of these studies was to demonstrate theimfe of the position of
the rectangular opening on the image of the ma#ssttrajectories in plate-type
elements, and also the justification of the apfilbraof the finite element method
and the ANSYS computer program.

These studies have shown that in terms of thectmjes of the main
stresses, i.e. in terms of their curvature, thetmo$avorable case is when the
position of the rectangular opening is such thatdhgle between the attack lines
of the tensile forces and theaxis isa = 90° (Figure 4). The case where the
position of the rectangular opening is such that éimgle between the lines of
attack of the tensioning forces and shaxis isa = 60°, in terms of the curvature of
the trajectories of the main stresses is somewlwat rfavorable, and the most
favorable could be characterized as the cases thiegpositions of the rectangular
openings are such that the angles between the ¢ihestack of the tensioning
forces and the& axis arex = 0° and = 30°.

REFERENCES

[1] Kokic Arsic A., Misic M., Radojkovic M., Prlincevid.: Social aspects of
sustainable development of enterprises, 1st Intiermea Conference on Quality of
Life, June 9-10, 2016, Kragujevac, Serbia, pp. 83-8

[2] Nikolic V., Dolicanin C., Radojkovic M., Dolicanik&.: Stress distribution in an
anisotropic plane field weakened by an ellipticaleh Technical Gazette, 2015,
22(2),pp. 329-335,https://doi.org/10.17559/TV-20132132713.

[3] Nikolic Stanojevic V., Dolicanin C., Radojkovic MApplication of Numerical
Methods in Solving a Phenomenon of the Theory ofnTRIates, Scientific
Technical Review, 2010, 60(2), pp. 61-65.
http://www.vti. mod.gov.rs/ntp/rad2010/1-10/8/8.pdf.

[4] Sarkocevic Z., Lazarevic D., Camagic I., RadojkoMcg Stojcetovic B.: The
pipeline defect assessment manual — short revieXi, XuCorr International
Conference Meeting point of the science and praaticthe fields of corrosion,
materials and environmental protection, Septemi@e?Q 2019, Tara Mountain,
Serbia, pp. 161-166.

[5] Radojkovic M., Camaugic |., Sarkocevic Z., Zivkowc, Golubovic Z.: Stress
distribution on an isotropic plate with a rectarsgubpening under biaxial tension
load, Structural Integrity and Life, 2021, 21(1), p.p 91-94,
http://divk.inovacionicentar.rs/ivk/ivk21/OF2101-h8nl.

331



[6] Radojkovic M., Stojanovic B., Milojevic S., Maric.DSavic S., Skulic A.,
Krstic B.: Square Openings as Sources of Stressc&wration in Parts of
Machines and Devices, Tehnicki vjesnik, 2023, 30(gBp. 474-480, DOI:
https://doi.org/10.17559/TV-20220603080026.

[7]Joksic S., Radojkovic M., Sarkocevic Z., Milojev&, Stojanovic B.: Stress
analysis of gear shift fork with mass optimizatiotl, International Conference on
Social and Technological Development — STED 20R28eJ15-18, 2023, Trebinje,
Republic of Srpska, Bosnia and Herzegovina, pp-452

[8] Radojkovic M., Camagic I., Sedmak S.: Influencesliiptical opening position
on the distribution of minimum principal normal ess, Structural Integrity and
Life, 2023, 23(3), pp. 245-249, http://divk.inovawicentar.rs/ivk/ivk23/OF2303-
3.html.

[9]Igbal M., Karuppanan S., Perumal V., Ovinis M., dgiM.: A Systematic
Review of Stress Concentration Factors (SCFs) imfasite Reinforced Circular
Hollow Section (CHS) Joints, Composites Part C: paccess, 2024,
15(12):100515, https://doi.org/10.1016/j.jcomc.2020515.

[10] Hart E. L., Terokhin B. I.: Methods for Reducingreds Concentration
Around Holes in Thin Plates and Cylindrical Shellsth Annular Radially
Inhomogeneous Inclusions, International Applied Nadcs, 2025, 61, pp. 359—
368, https://doi.org/10.1007/s10778-025-01359-0.

[11] ANSYS, program package.

332



