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Method of finite element modelling of the stress-strain state
parameters of a flat truss with parallel belts

Abstract. The purpose of the study was to create a method for modelling the stress-strain state of a flat truss with parallel
belts using multi-package software based on the finite element method. It was established that the software complexes
LIRA-CAD 2016 R5 and ANSYS Workbench 14.5 are the most effective for calculating the parameters of the stress-strain
state of flat trusses, since they provide high modelling efficiency due to the developed functionality and adaptability to
engineering analysis tasks. In the course of the study, the capabilities and interfaces of these software environments
were analysed, and simulations were performed for a truss with a triangular grid and dimensions of 18,000x3,600 mm,
made of VCt3ps structural steel. Geometric and finite element models of trusses in the media of the identified calculation
complexes were developed. For modelling, elements made of rolled corners with a cross-section of 100x100x10 mm were
used, and nodal kerchiefs were made of steel sheet with a thickness of 10 mm. For the truss model, ANSYS Workbench
14.5 created a finite element grid with size sampling, in particular for styles, which provides more accurate determination
of the parameters of the stress-strain state of SSS in critical zones of the truss. In LIRA-CAD 2016 R5, the truss model was
divided into 10x10 mm elements. The proposed method included two main stages: at the first stage, a model was created to
determine the stress-strain state of the truss and the environment of the LIRA-CAD 2016 R5 software suite, at the second
stage, the results obtained were analysed in the environment of the ANSYS Workbench 14.5 calculation complex to optimise
the design parameters. The use of this technique can significantly reduce the time required for design and calculations,
which helps to increase the efficiency of designing trusses with parallel belts. The practical value of the development lies
in the possibility of optimising the shapes and sizes of cross-sections of elements, which positively affects the economic
efficiency of the designed trusses, reducing material costs and ensuring the durability of structures
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Introduction

Flat trusses are widely used in various branches of the na-
tional economy. Most often, such structures are used in
the construction of industrial and public structures, bridge
crossings. However, along with this, flat trusses, in particu-
lar those with parallel belts, have found application in the
transport sector, agricultural engineering, etc. The use of
such flat trusses is conditioned by the variety of geometric
shapes, a significant degree of automation in manufactur-
ing. In this regard, the issue of reducing the complexity of

designing and reducing the metal consumption of trusses
with parallel belts is relevant.

S.Lépez et al. (2022) presented a methodology for iden-
tifying key events leading to progressive destruction on
truss-type bridges. The methodology includes a new data-
base that collects detailed information about initial damage
and its spread, and the consequences of the collapse. The
methodology was implemented by collecting information
from 25 case studies presented in the literature. The results
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revealed the most frequent initial constituted damage
state or failure (ICDS) leading to progressive destruction.

Two variants of the algorithm, such as GSSA and
GSSB, were proposed to optimise the dimensions of four
high-dimensional steel truss samples in the studies by
A. Ahrari et al. (2020), S.K. Azad & S. Aminbakhsh (2021),
H. Cao et al. (2023), namely: a single-layer bulb dome of
2,075 elements, a two-layer open dome of 2,688 elements,
a two-layer comb dome of 6,000 elements and a two-layer
lattice of 15,048 elements in accordance with the AISC-
LRFD specification. The obtained numerical results indi-
cate the effectiveness of GSSA and GSSB in working with
high-size samples of large-sized steel trusses.

A.A. Mousavi et al. (2020; 2022) proposed a method for
empirical mode decomposition using the adaptive noise
method to determine the presence, location, and severity
of damage for a steel truss bridge model. The developed
laboratory model was exposed to disturbances, which
helped to obtain experimental data. Using the technique,
four key signal characteristics were identified: energy, in-
stantaneous amplitude, phase, and instantaneous frequen-
cy, which became the basis for qualitative and quantita-
tive damage assessment. To increase the sensitivity of the
method to damage detection, improved indices have been
developed that combine statistical characteristics of time
signals, such as kurtosis and entropy, with energy and in-
stantaneous amplitude parameters. The experimental re-
sults demonstrated the high efficiency and sensitivity of
the proposed approach, which is superior to existing meth-
ods of empirical decomposition of modes in the tasks of
detecting, localising, and assessing the severity of damage.

The paper by F. Parisi et al. (2022) described a method
for detecting and localising damage in steel truss railway
bridges using machine learning algorithms. This approach
allows automatically analysing raw signals from strain sen-
sors without the need for pretreatment or feature isolation.
The results showed that the proposed approach can detect
damage with an accuracy of up to 93%, which makes it an
effective tool for monitoring the condition of structures.

W. Wu et al. (2022) proposed a linear model for predict-
ing the corrosion of truss structures based on the concept of
linear cumulative damage to miners to solve the difficulties
of conducting accelerated corrosion tests. In addition, an
equivalent fatigue test has been developed in combination
with a corrosion prediction model. A model for predicting
fatigue damage based on corrosion factors was developed
and the law of fatigue damage and degradation of struc-
tural rigidity in a corrosive environment was determined.

In the study by G. Weng et al. (2020) to detect stresses in
steel structures and elements using existing magnetism, a
magnetic stress sensing system was developed that includes
amagnetic fluxinduction coil,a magnetic flux measurement
device, a load device, and data acquisition software. In ad-
dition, a practical formula for determining stresses was ob-
tained through experiments. On this basis, a typical model
of the steel truss structure of the Bailey beam was designed
and manufactured under various operating conditions.

M. Hohol et al. (2020) performed structural and para-
metric synthesis of steel combined trusses with a span of
30 m to minimise mass and potential energy. It was shown
that the maximum load-bearing capacity of the structure
was achieved by applying the criterion of rational design
for strength. It was established that the use of combined
trusses instead of conventional ones provides significant
metal savings, reduces the complexity of manufacturing,
and reduces installation time.

The main stages of strengthening steel beams of
a sloping roof for a typical metal frame with initial ge-
ometric imperfections according to the deformed scheme
were considered by S. Hudz et al. (2019) based on a new
approach to the analysis of internal force factors, the fea-
tures of the working conditions of a beam under the joint
action of transverse bending in two planes and bending
torsion resulting from the eccentricity of load stacking
were found and described.

Based on this, it is relevant to search for a reliable
method for modelling the parameters of the stress-strain
state (SSS) of a flat truss with parallel belts, which will give
full information about the distribution and magnitude of
stresses, the value and nature of deformations depending
on the acting external forces. The purpose of the study
was to develop a methodology for modelling the SSS of a
flat truss with parallel belts using multi-package software
tools based on the finite element method (FEM). Objec-
tives of the study: to determine multi-package software
tools suitable for calculating the SSS parameters of flat
trusses with parallel belts and to analyse the environments
of detected software tools suitable for calculating the SSS
parameters of flat trusses with parallel belts; to develop a
full-size finite element model of a flat truss with parallel
belts in the environment of detected software tools. The
scientific originality lies in the fact that a two-stage meth-
od for modelling the SSS parameters of a flat truss with
parallel belts using multi-package software tools based on
the finite element method is proposed.

Materials and Methods
The research methodology was based on calculation
complexes that work using the finite element method.
This universal variational approach is used to solve the
most complex problems, in particular, in the mechan-
ics of deformed solids, fracture mechanics, and applied
mechanics. The main idea of this method (Hrebeniuk &
Homeniuk, 2022) was to divide the continuous volume
of a real construct into subunits consisting of finite but
small elements called finite elements (FE). Within each
such element, the desired function can be replaced with
an approximate one. This allows representing any quan-
tity that continuously changes in the volume of a body in
the form of a discrete model consisting of a set of piece-
wise continuous functions. Each of these functions was
defined within the corresponding sub-domain, provid-
ing an accurate approximation for analysing the actu-
al construct. The finite element method in the current
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problem was implemented based on the displacement
method - functions approximate movements within fi-
nite elements.

To calculate the parameters of the stress-strain state
(SSS) of flat trusses with parallel belts, software tools were
defined: LIRA-CAD 2016 R5 at the first stage and ANSYS
Workbench 14.5 at the second stage, respectively. The finite
element truss model corresponded to the parameters of a
real truss with geometric dimensions of 18,000x3,600 mm.
Truss material — VSt3ps steel, the physical and mechan-
ical properties of which included the elastic modulus:
E=2.06 x 10° MPa and density p = 7,800 kg/m>. The truss
elements had the following characteristics: the profile of
braces and belts — rolled corners 100x100x10 mm, kerchiefs
are made of steel sheet with a thickness of 10 mm.

At the first stage of modelling in the LIRA-CAD 2016
R5 environment, a three-dimensional rod geometric model
of the truss was created, the physical and mechanical char-
acteristics of materials were set, a finite element grid with
an element size of 10x10 mm was formed, and loads were
applied. The truss was loaded with a concentrated force of
P=10 kN, evenly distributed between two upper belt nodes
P/2=5 kN per node. Calculations were performed using the
finite element method, but the kerchiefs in the nodes were
not modelled, which was considered in further analysis.
At this stage, data on stresses, deformations, and internal
forces in the truss elements were obtained.

The second stage involved modelling in the ANSYS
Workbench 14.5 environment, where the geometric truss
model was built in the Design Modeler module, taking
into consideration styles. Similarly to the first stage, the
characteristics of materials and loads were set, and a more
detailed finite element grid was formed. This helped to in-
crease the accuracy of calculations and consider the nodal
features of the design.

Comparison of the results of the two modelling stages
allowed evaluating the accuracy and efficiency of the ap-
plied software packages. The results included stress distri-
bution, strain shapes, and identification of critical structur-
al zones. The methodology proved that the combination of
engineering solutions with modern software tools ensures
the efficiency of design and calculations, optimisation of
geometric parameters of truss elements, and high accuracy
of stress-strain state analysis.

Description of the LIRA-CAD 2016 R5

settlement complex

The LIRA-CAD software package is a modern representa-
tive of the Ukrainian software of the LIRA family. LIRA-CAD
2016 R5 (Ukraine) is a multifunctional software package
for designing and calculating machine-building and build-
ing structures for various purposes (Strelets-Streletsky et
al., 2019). The programme allows performing calculations
for static and dynamic loads using the finite element meth-
od as a basis. Various connected modules (processors) pro-
vide the ability to select and check cross-sections of steel
and reinforced concrete structures, model the ground, cal-
culate bridges and analyse the behaviour of buildings dur-
ing installation, etc. The LIRA-CAD PC consists of several
interconnected information systems. The organisation of
relationships between these systems ensures the manufac-
turability of working with the complex so that the complex
itself guides the user — from creating a calculation model
to designing elements. The main graphics system is the VI-
SOR-CAD system (Fig. 1.), a single graphical environment
thathasalarge set of features and functions for forming ade-
quate finite element and super-element models of calculat-
ed objects. VISOR-CAD allows conducting a detailed visual
survey of the created models and their correction, describ-
ing the physical and mechanical properties of materials.

LCATTP 2016 15 (HexoMepuAna) x5 - [untitied 1

[

X

Figure 1. LIRA-CAD 2016 R5 graphics environment window

Source: E. Strelets-Streletsky et al. (2019)

In the same environment, relationships and loads
were set, and relationships between different loads were
assigned to determine their most dangerous combinations.
To calculate the created model, a linear calculation proces-
sor was selected, which implements the calculation of lin-
early deformed structures for static and dynamic impacts.
The LIRA-CAD PC includes several calculation processors.
All of them were designed to determine the stress-strain
state of the structure based on the finite element method in
displacements. Calculation processors implement modern

advanced methods for solving systems of equations, which
have high speed and allow solving systems with a very
large number of unknowns. The linear processor was de-
signed to solve problems describing the operation of the
material of structures in a linear-elastic formulation. A
nonlinear processor allows solving problems related to
the physical nonlinearity of a material in the framework of
nonlinear elasticity theory and in elastic-plastic formula-
tion (concrete, reinforced concrete, steel concrete, metal,
soil). Such problems were solved using the step-by-step
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and step-by-iterative methods. The nonlinear processor
allows solving problems related to geometric nonlinearity
(shrouds, large-span coatings, membranes), and structural
nonlinearity (contact problems, one-way connections, fric-
tion). The library of nonlinear finite elements also includes
elements that allow simultaneous accounting of physical
and geometric nonlinearities. When calculating nonlinear
problems using the step method, the load step was auto-
matically selected based on its history. Calculation pro-
cessors contained an extensive library of finite elements,
which makes it possible to create adequate calculation
models with almost no restrictions on describing the real
properties of the calculated objects. The software environ-
ment of the LIRA-CAD PC provides an opportunity to mod-
el complex structures, determine their stress-strain state
using linear and nonlinear processors that consider various
types of loads, dynamic influences, physical, geometric,
and structural nonlinearities.

Description of the methodology

of the ANSYS Workbench calculation complex 14.5
The ANSYS Workbench 14.5 PC used the finite element
method for mathematical modelling, combining the versa-
tility of algorithms for various tasks with efficient comput-
er implementation of calculations. The problem was solved
using the finite element method in the ANSYS software
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| File Creste Comcept Took Units View Help

suite in three stages. At the first stage, the foundations of
the finite element model of the object under study were
formed. This step included the following steps:

# determination of the physical type of the problem
(solid state mechanics, heat transfer, hydrodynamics, etc.)
and appropriate programme settings;

# selection of the type of finite element depending on
the size and characteristics of the object, with the ability to
set element properties;

o selection of the object’s material and specifica-
tion of its properties (volume weight, tensile strength,
yield strength, Poisson’s ratio, etc.), which can be entered
manually or imported from the ANSYS material library.
Properties determine the material model (linear-elastic,
elastic-plastic, bilinear, etc.), which affects the choice of
equations for the finite element method;

# creating a geometric solid-state model of an object
(3D model) performed in the PREP7 module in classical
ANSYS and in the Design Modeler module in Workbench
(Fig. 3.). The geometric model can also be exported from
any CAD package;

o geometric model was divided into finite elements,
with the ability to configure grid parameters.

This step forms a complete mathematical and physical
model of the object, which was crucial for obtaining accu-
rate and reliable results in the next stages of modelling.
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Figure 2. Design Modeler module window in ANSYS Workbench 14.5

Source: L. Danylchenko (2021)

The second step — applying physical conditions and
solving the problem - consists of three main steps:

+ setting boundary conditions (forces, displacements,
connections, etc.);

# selecting the type of analysis (static, dynamic, mod-
al, etc.) and the method for solving equations and param-
eters of computational procedures (number of load steps,
iterations, etc.);

# solving system of equations by the finite element
method. As a result, a file was created with a vector of the
found degrees of freedom (nodal displacements, tempera-
tures, etc.).

The described step was necessary for direct numeri-
cal analysis of the model using the finite element meth-
od. It allows forming a mathematical statement of the
problem, considering the physical conditions and load
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parameters, and getting results that characterise the be-
haviour of the structure.

The third step was to analyse the results obtained.
Physical quantities calculated using the finite element
method (displacement, deformation, stress, temperature,
etc.) are displayed in the ANSYS Gui as images, tables,
graphs, or animations (Danylchenko, 2021). The informa-
tion provided at this stage provided an understanding of
the operation of the structure as a whole, and its individual
components. This allows drawing conclusions about the ef-
fectiveness of constructive decisions made.

Results

Example of developing

a flat truss model with parallel belts

A truss with parallel belts and a triangular lattice was used
for finite element modelling (Fig. 3) and geometric dimen-
sions of 18,000x3,600 mm. Truss material — VSt3ps steel,
corresponding physical and mechanical properties import-
ed from the VDt3ps steel material model. Elastic modulus
of steel E=2.06-10° MPA, density p = 7,800 kg/m>. Profile
of braces and belts — rolled corners with a cross-section
of 100x100x10 mm. Kerchiefs in knots are made of 10 mm
thick steel sheet.

3600

18000

P/ 21,

a)

P/2 l

Figure 3. Graphical diagram of the truss
Notes: a) truss grid diagram; b) truss load diagram
Source: compiled by the author

The truss is loaded with an external total load in the
form of a concentrated force P=10kN. The force P (10kN)
is distributed between two nodes on the upper truss belt.
Thus, each of these nodes accounts for half of the total
force,i.e., P/2=10kN/2=5 kN.

At the first stage, geometric and finite element models
were constructed using these parameters in the LIRA-CAD
2016 R5 PC (Fig. 4). Based on the calculation the internal
forces arising in the structural elements due to the exter
nal force P/2 applied at the corresponding nodes were de-
termined, as well as the cross-sectional dimensions of the
truss elements resulting from the action of these forces.
This information allows adjusting, if necessary, the previ-
ously specified cross-section dimensions in the truss ele-
ments. The importance of the obtained data lies in the fact
that they allow carrying out a general assessment of the

stress-strain state of the structure, determining the forces
in its elements, and clarifying the dimensions of cross-sec-
tions. These results are crucial for further import of the
model into ANSYS Workbench 14.5. Skipping this stage
may result in incorrect truss design and errors in subse-
quent analysis stages.

—
a) L~ N\ Vo I O

b)

Figure 4. Truss model in the LIRA-CAD
environment 2016 R5
Notes: a) geometric model; b) finite element grid model
Source: compiled by the author

At the second stage, in the environment of the ANSYS
Workbench 14.5 software suite, the calculation data was
imported from the LIRA-CAD 2016 R5 PC and the geomet-
ric and finite element model of a full-size truss was rebuilt,
followed by a division into a finite element grid (Fig. 4).
The shapes of cross-sections of braces, belts, and support
posts are displayed.

500.00 1000.00 (mm)

750.00 '

b) . 250.00

Figure 5. Truss model in the ANSYS Workbench
14.5 environment
Notes: a) CAD — geometric model; b) FEM —finite element grid model
Source: developed by author

The three-dimensional geometric structure of the
truss, which was developed in the Design Modeler mod-
ule, is shown. This model is the basis for further analy-
sis and reflects the geometric parameters of the object.
The result of splitting the geometric model into finite
elements is also shown. This mesh model is used to
perform finite element calculations (FEA). The figure
illustrates the transition from CAD modelling to the
FEM analysis stage, emphasising the importance of the
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accuracy of constructing a geometric model and the
quality of grid creation to ensure the reliability of calcu-
lations. The current stage is important for analysing the
stress-strain state, since the calculation results in the
stress distribution in the cross-sections taken at the first

stage (Fig. 5). The ANSYS PC does not programmatical-
ly provide cross-section selection functions, unlike the
LIRA-CAD PC, but the ANSYS PC allows assessing the
stress-strain state more locally, in particular, identifying
places of stress concentrations.

500,00 (mm)
=

Figure 6. Distribution of normal stresses

Source: developed by author

The finite element grid in ANSYS is created with di-
mensions of 10x10 mm, and the mesh in the shapes is dis-
crete. In the LIRA-CAD 2016 R5 PC, the finite element grid
was created with similar parameters, with the exception of
styles. The stages of truss modelling in the LIRA-CAD 2016
R5 software environment, which is widely used for engi-
neering analysis of building structures, are demonstrated.
At the first stage, a basic three-dimensional model of the
truss is created, which accurately reflects its geometric
parameters, in particular, the length, height, and shape of
elements. The geometric model is formed in accordance
with the specified design characteristics and is the basis for
further analysis. A finite element grid model is obtained by
dividing the truss geometry into finite elements. The grid
model is a key step in applying the finite element method,
since it allows translating a physical problem into a dis-
crete form suitable for numerical solution. The model is di-
vided into elements based on the geometric complexity of
the object and the required accuracy of calculations.

The truss geometry is divided into finite elements,
which provides discretisation of the physical problem for
its numerical solution. Loads at the current stage were set
similarly to the calculation in the LIRA PC, in the form of a
concentrated force P=10 kN distributed between two nodes
on the upper truss belt, so each of these nodes accounts
for half of the total force, i.e., P/2=10kN/2 =5 kN. The grid
is constructed considering the geometric complexity of the

design and the requirements for the accuracy of calcula-
tions, which is key for the effective application of the finite
element method. Based on the import of cross-sections and
geometry of the CE truss model from the LIRA CAD, the
calculation is performed in ANSYS Workbench 14.5, which
results in graphic materials with a set of information about
the stress distribution in individual truss elements and in
characteristic places (nodes, places of load application).
The developed method offers two stages of finite ele-
ment modelling of the parameters of the stress-strain state
of a flat truss with parallel belts. The first stage includes
creating a geometric rod model in the environment of the
LIRA-CAD 2016 R5 software package, setting cross-sections
and physical and mechanical characteristics of materials,
applying loads, and further calculation using the finite el-
ement method. The external load is a concentrated force
P=10kN. The force from P/2 is applied in two truss nodes,
which are located on the upper belts. As a result, in the first
iteration, a set of data was obtained in tabular form. The
Table 1 contains the results of estimating the percentage
exhaustion of the stability of elements relative to the OY
and OZ axes, the stability of the compressed wall and com-
pressed belt, and the exhaustion of the load-bearing capac-
ity by groups of limit states. The percentage of exhaustion
of local stability is indicated separately. These data allow
comprehensively assessing the effectiveness of select-
ing the cross-section of individual structural elements.

Table 1. Result of checking the specified cross-sections of truss elements in the LIRA CAD

Element oY, % 0Z, % SW % SB % 1LS % 2LS % L.S.
10 2 2 0 46 2 0 46
10 1 1 0 46 1 0 46
11 2 2 0 46 2 0 46
11 1 1 0 46 1 0 46
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Continued Table 1.

Element (0) 73 0Z, % SW % SB % 1LS % 2LS % L.S.
12 0 0 0 0 2 0 0
12 0 0 0 0 2 0 0
13 1 1 0 46 1 0 46
13 1 1 0 46 1 0 46
14 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0
15 0 0 0 46 0 0 46
15 0 0 0 46 0 0 46
16 0 0 0 46 0 0 46
16 0 0 0 46 0 0 46
17 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0
18 1 1 0 46 1 0 46
18 1 1 0 46 1 0 46
19 0 0 0 0 2 0 0
19 0 0 0 0 2 0 0

1 3 3 0 46 3 0 46
1 3 3 0 46 3 0 46
2 0 0 0 0 1 0 0
2 0 0 0 0 1 0 0
3 0 0 0 0 1 0 0
3 0 0 0 0 1 0 0
4 0 0 0 0 1 0 0
4 0 0 0 0 1 0 0
5 3 3 0 46 3 0 46
5 3 3 0 46 3 0 46
6 2 2 0 46 2 0 46
6 2 2 0 46 2 0 46
7 4 4 0 46 4 0 46
7 4 4 0 46 4 0 46
8 4 4 0 46 4 0 46
8 4 4 0 46 4 0 46
9 2 2 0 46 2 0 46
9 2 24 0 46 2 0 46

Notes: OY, % - percentage of stability exhaustion along the Y-axis; OZ % — percentage of exhaustion of stability along the Z-axis;

SW % — percentage of exhaustion of stability of the compressed wall; SB % — percentage of exhaustion of stability of the compressed

belt; 1LS % — percentage of exhaustion of load-bearing capacity for the 1st group of limit states; 2LS % — percentage of exhaustion of

load-bearing capacity for the 2nd group of limit states; L.S. — percentage of exhaustion of local stability

Source: developed by the author

The second stage involves importing calculated data
from the LIRA CAD and then rebuilding the geomet-
ric model in ANSYS Workbench 14.5, followed by setting
cross-sections and physical and mechanical characteris-
tics of materials, applying loads and further calculation. At
both stages, the physical and mechanical characteristics of
the materials, the shape and dimensions of the cross-sec-
tions of the truss elements were identical. As a result, the
design and calculation of flat trusses with parallel belts be-
comes more efficient both in terms of time spent and as
a result of the efficient arrangement of elements with the
required cross-sectional dimensions.

Discussion

The finite element method is a widely used tool in the de-
sign and analysis of various structures, in particular trusses.
The study by Y. Shved et al. (2020) presented a method for

determining durability using SOLIDWORKS PC, which al-
lows effectively assessing the reliability of structures. Al-
though this method was based on different software, the
results obtained in this paper provide important compari-
sons regarding the durability of steel trusses. They point
out the importance of detecting fatigue cracks, especially in
K-shaped nodes on the upper chord of the truss, which is a
critical factor in the operation of structures. According to the
results of verification, the indicators of fatigue damage were
accurate with an error of only 5.7%. This indicates the high
reliability of the method used for long-term monitoring of
the state of trusses. However, the use of SolidWorks for these
calculations has its limitations, especially in modelling com-
plex loads and material properties, where more powerful
software tools such as ANSYS can show better results.

The study by M. Basara et al. (2021) applied a com-
prehensive approach that includes both a semi-natural

Journal of Mechanical Engineering and Transport, Vol. 10, No. 2, 2024




Method of finite element modelling of the stress-strain state parameters of...

experiment and computer modelling in the ANSYS Work-
bench environment. Experimental studies of the dura-
bility of a rectangular welded truss have confirmed the
importance of accurate visualisation of fatigue damage,
in particular, in K-shaped nodes, where there is also a de-
crease in the load-bearing capacity of the structure. Com-
pared to the method proposed by Y. Shved et al. (2020), it
was found that the use of combined methods allows for
more accurate results, although the error in comparison
with a semi-natural experiment does not exceed 5.7%. In
addition, M. Basara et al. (2021) demonstrated that com-
bining real-world tests with numerical methods allows
for more accurate predictions, which is important for the
practical assessment of structural reliability.

Y. Kovalchuk et al. (2023) proposed a new approach to
determining the behaviour of welded structures under ther-
momechanical influences, which achieves high reliability
of results due to computer modelling. In particular, it was
found that the research results follow a normal distribu-
tion with minimal deviations for tensile strength and fluid-
ity (2.1% and 2.6%, respectively). This approach has shown
high accuracy and allows more accurately considering the
effect of thermomechanical loads on structures, which is
important for accurate forecasting of their operational life
under conditions of high temperatures and variable loads.

The study by H. Liu et al. (2024) presented an innova-
tive approach by applying a deep reinforcement learning
method to update steel truss models. This allows integrat-
ing the long-term memory network (LSTM) with the deep
deterministic policy gradient (DDPG) algorithm, which
increases the efficiency of the algorithm in real-world
operating conditions. The results obtained using the NF-
LSTM-DDPG algorithm were significantly more accurate,
with an average relative error of 14.15% and more reliable
indicators of changes in the elastic modulus compared to
other methods. This study provides important guidance
for further improvement of real-world truss modelling
and monitoring techniques, particularly for adaptive sys-
tems to detect potential damage that may occur over a
long period of operation.

The algorithm proposed by N. Khodadadi & S. Mir-
jalili (2022) generalised normal distribution optimisa-
tion (GNDO) used to design truss structures with optimal
weight. The ability of the proposed algorithm to deal with
such problems is investigated. To evaluate the GNDO al-
gorithm, three reference problems for optimising trusses
with frequency constraints were considered. Numerical
data show that GNDO is more reliable, stable, and efficient
for structural optimisation problems than other meta-
heuristic algorithms. J. Pierezan et al. (2021) presented a
modified coyote optimisation algorithm (MCOA), which
has the advantage of using chaotic sequences to improve
solutions and avoid local minima, and adaptive parameter
updates. These improvements allow the algorithm to ef-
fectively solve problems of optimising the weight and sta-
bility of metal structures. M. Azizi et al. (2022) considered
the optimisation of lattice trusses using the Chaos Game

Optimisation (CGO) algorithm, which showed high effi-
ciency for multi-element structures. A list of other algo-
rithms and parameters for optimising steel structures was
given in the studies by A. Kaveh et al. (2021), T.N. Huynh et
al. (2021). G. Caredda et al. (2022) considered an adaptive
differential evolution (DE) algorithm for truss optimisa-
tion by integrating the Q-learning method. This approach
is known as gq-learning DE (qIDE).

In general, the results of the above-mentioned studies
confirm the effectiveness of using ITU to investigate the
durability of steel trusses, which allows increasing the ac-
curacy of forecasting and adaptability to real changes in
loads and operating conditions. This allows getting more
accurate results, which are important for the durability and
safety of steel structures in real-world conditions. More-
over, the use of multi-stage methods with multi-package
software based on the finite element method has not be-
come widespread. Thus, the method proposed in this study
included two main stages of determining the SSS param-
eters: at the first stage, a model was created to determine
the stress-strain state of the truss and the environment of
the LIRA-CAD 2016 R5 software suite, and at the second
stage, the results obtained to optimise the design parame-
ters were analysed in the environment of the ANSYS Work-
bench 14.5 calculation complex.

Conclusions

The study examined the method of modelling the param-
eters of the stress-strain state of a flat truss with parallel
belts using multipack software based on the finite element
method. The author managed to achieve this goal by devel-
oping a two-stage methodology that allows optimising de-
sign parameters and increasing the efficiency of designing
such structures.

In the course of the study, the functionality of the
LIRA-CAD 2016 R5 and ANSYS Workbench 14.5 software
complexes were analysed. Geometric and finite element
models of a truss with a triangular grid and dimensions
of 18,000%3,600 mm, made of structural steel, were devel-
oped. At the first stage of the methodology, a basic truss
model was created in LIRA-CAD 2016 R5 for preliminary
analysis of the stress-strain state. The second stage in-
volved refining the results and optimising the design pa-
rameters in the ANSYS Workbench 14.5 environment. The
proposed method creates prerequisites for reducing the
complexity of design and calculations, ensuring the accu-
racy of determining the parameters of stresses and defor-
mations of trusses. The practical value of the technique
lies in the possibility of optimising the shapes and sizes of
cross-sections of truss elements, which creates the basis
for reducing material costs and increasing the economic
efficiency of structures.

The developed technique is important for studying the
stress-strain state of flat trusses, taking into considera-
tion the influence of force factors and ensuring the relia-
bility of structures. It can be used to analyse and optimise
other types of structures using multi-package software.

Journal of Mechanical Engineering and Transport, Vol. 10, No. 2, 2024



Omelian

A promising area of further research is the expansion of the Acknowledgements
methodology to more complex types of structures, the in-  None.
vestigation of truss behaviour under nonlinear conditions,
and the integration of artificial intelligence algorithms for
automating parameter optimisation. None.

Conflict of Interest

References

[1] Ahrari, A., Atai, A.A., & Deb, K. (2020). A customized bilevel optimization approach for solving large-scale truss
design problems. Engineering Optimization, 52(12), 2062-2079. doi: 10.1080/0305215X.2020.1740690.

[2] Azad, S.K., & Aminbakhsh, S. (2021). High-dimensional optimization of large-scale steel truss structures using
guided stochastic search. Structures, 33, 1439-1456. doi: 10.1016/j.istruc.2021.05.035 .

[3] Azizi, M., Aickelin, U., Khorshidi, H.A., & Shishehgarkhaneh, M.B. (2022). Shape and size optimization of truss
structures by Chaos game optimization considering frequency constraints. Journal of Advanced Research, 41, 89-100.
doi: 10.1016/j.jare.2022.01.002.

[4] Basara, M., Kovalchuk, Y., & Shynhera, N. (2021). Durability of a welded truss under cyclic loads. Innovative
Solution in Modern Science, 5(41), 147-158. doi: 10.26886/2414-634X.5(41)2020.11.

[5] Cao, H., Sun, W., Chen, Y., Kong, F., & Feng, L. (2023). Sizing and shape optimization of truss employing a
hybrid constraint-handling technique and manta ray foraging optimization. Expert Systems with Applications, 213(B),
article number 118999. doi: 10.1016/j.eswa.2022.118999.

[6] Caredda, G., Porcu, M. C., Buitrago, M., Bertolesi, E., & Adam, J.M. (2022). Analysing local failure scenarios
to assess the robustness of steel truss-type bridges. Engineering Structures, 262, article number 114341. doi: 10.1016/].
engstruct.2022.114341.

[7] Danylchenko, L. (2021). Methodical workshop on the topic: “Engineering analysis in Ansys Workbench” in the
discipline: “Computer modelling of materials processing processes” for practical classes and independent work of applicants for
the educational level of Doctor of Philosophy in speciality 131 “Applied Mechanics”. Ternopil: Ternopil Ivan Pului National
Technical University.

[8] Parisi, F., Mangini, A.M., Fanti, M.P., & Adam, ].M. (2022). Automated location of steel truss bridge damage
using machine learning and raw strain sensor data. Automation in Construction, 138, article number 104249. doi: 10.1016/].
autcon.2022.104249.

[9] Hohol, M., Gasii, G., Pents, V., & Sydorak, D. (2020). Structural-parametric synthesis of steel combined trusses.
In V. Onyshchenko, G. Mammadova, S. Sivitska & A. Gasimov (Eds.), Proceedings of the 3rd international conference on
building innovations. ICBI 2020. Lecture notes in civil engineering (Vol. 181, pp. 163-171). Cham: Springer. doi: 10.1007/978-
3-030-85043-2_16.

[10] Hrebeniuk, S., & Homeniuk, S. (2022). Numerical methods for solving mechanical problems. Zaporizhzhia: ZNU.

[11] Hudgz, S., Storozhenko, L., Gasii, G., & Hasii, O. (2019). Features of operation and design of steel sloping roof purlins.
In V. Onyshchenko, G. Mammadova, S. Sivitska & A. Gasimov (Eds.) Proceedings of the 2nd international conference on building
innovations. ICBI 2019. Lecture notes in civil engineering (Vol. 73, pp. 65-73). Cham: Springer. doi: 10.1007/978-3-030-42939-3 8.

[12] Huynh, T.N., Do, D.T., & Lee, J. (2021). Q-Learning-based parameter control in differential evolution for structural
optimization. Applied Soft Computing, 107, article number 107464. doi: 10.1016/j.as0c.2021.107464.

[13] Kaveh, A., Khodadadi, N., & Talatahari, S. (2021). A comparative study for the optimal design of steel structures
using CSS and ACSS algorithms. International Journal of Optimization in Civil Engineering, 11(1), 31-54.

[14] Khodadadi, N., & Mirjalili, S. (2022). Truss optimization with natural frequency constraints using generalized
normal distribution optimization. Applied Intelligence, 52, 10384-10397. doi: 0.1007/s10489-021-03051-5.

[15] Kovalchuk, Y., Shynhera, N., & Shved, Y. (2023). Formation of input information arrays for computer simulation
of welded trusses behavior under thermal force effects. Scientific Journal of TNTU, 110(2), 118-124. doi: 10.33108/visnyk_
tntu2023.02.118.

[16] Liu, H., Yang, Z., Zhou, T., Wang, L., & Chen, Z. (2024). Study on updating finite element model of steel truss
structure based on knowledge-enhanced deep reinforcement learning. Engineering Structures, 316(1), article number
118576. doi: 10.1016/j.engstruct.2024.118576.

[17] Lépez,S.,Makoond,N.,Sanchez-Rodriguez,A. & Adam,].M., & Riveiro, B.(2023).Learning from failure propagation
in steel truss bridges. Engineering Failure Analysis, 152, article number 107488. doi: 10.1016/j.engfailanal.2023.107488.

[18] Mousavi, A.A., Zhang, C., Masri, S.F., & Gholipour, G. (2020). Structural damage localization and quantification
based on a CEEMDAN Hilbert transform neural network approach: A model steel truss bridge case study. Sensors, 20(5),
article number 1271. doi: 10.3390/s20051271.

[19] Mousavi, A.A., Zhang, C., Masri, S.F., & Gholipour, G. (2022). Structural damage detection method based on the
complete ensemble empirical mode decomposition with adaptive noise: A model steel truss bridge case study. Structural
Health Monitoring; 21(3), 887-912. doi: 10.1177/14759217211013535.

Journal of Mechanical Engineering and Transport, Vol. 10, No. 2, 2024



https://doi.org/10.1080/0305215X.2020.1740690
https://doi.org/10.1016/j.istruc.2021.05.035
https://doi.org/10.1016/j.jare.2022.01.002
https://doi.org/10.26886/2414-634X.5(41)2020.11
https://doi.org/10.1016/j.eswa.2022.118999
https://doi.org/10.1016/j.engstruct.2022.114341
https://doi.org/10.1016/j.engstruct.2022.114341
https://www.academia.edu/92728854/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D1%83%D0%BC_%D0%BD%D0%B0_%D1%82%D0%B5%D0%BC%D1%83_%D0%86%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D1%96%D0%B7_%D0%B2_Ansys_Workbench_%D0%B7_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD%D0%B8_%D0%9A%D0%BE%D0%BC%D0%BF_%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%96%D0%B2_%D0%BE%D0%B1%D1%80%D0%BE%D0%B1%D0%BA%D0%B8_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2_%D0%B4%D0%BB%D1%8F_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D1%85_%D0%B7%D0%B0%D0%BD%D1%8F%D1%82%D1%8C_%D1%96_%D1%81%D0%B0%D0%BC%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BD%D0%BE%D1%97_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B8_%D0%B7%D0%B4%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D1%87%D1%96%D0%B2_%D0%BE%D1%81%D0%B2%D1%96%D1%82%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D1%80%D1%96%D0%B2%D0%BD%D1%8F_%D0%B4%D0%BE%D0%BA%D1%82%D0%BE%D1%80_%D1%84%D1%96%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D1%96%D1%97_%D0%B7%D0%B0_%D1%81%D0%BF%D0%B5%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8E_131_%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0_%D1%82%D0%B0_%D0%B1%D0%BB%D0%BE%D0%BA%D1%83_%D0%B2%D0%B8%D0%B1%D1%96%D1%80%D0%BA%D0%BE%D0%B2%D0%B8%D1%85_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD_%D1%96_
https://www.academia.edu/92728854/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D1%83%D0%BC_%D0%BD%D0%B0_%D1%82%D0%B5%D0%BC%D1%83_%D0%86%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D1%96%D0%B7_%D0%B2_Ansys_Workbench_%D0%B7_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD%D0%B8_%D0%9A%D0%BE%D0%BC%D0%BF_%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%96%D0%B2_%D0%BE%D0%B1%D1%80%D0%BE%D0%B1%D0%BA%D0%B8_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2_%D0%B4%D0%BB%D1%8F_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D1%85_%D0%B7%D0%B0%D0%BD%D1%8F%D1%82%D1%8C_%D1%96_%D1%81%D0%B0%D0%BC%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BD%D0%BE%D1%97_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B8_%D0%B7%D0%B4%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D1%87%D1%96%D0%B2_%D0%BE%D1%81%D0%B2%D1%96%D1%82%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D1%80%D1%96%D0%B2%D0%BD%D1%8F_%D0%B4%D0%BE%D0%BA%D1%82%D0%BE%D1%80_%D1%84%D1%96%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D1%96%D1%97_%D0%B7%D0%B0_%D1%81%D0%BF%D0%B5%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8E_131_%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0_%D1%82%D0%B0_%D0%B1%D0%BB%D0%BE%D0%BA%D1%83_%D0%B2%D0%B8%D0%B1%D1%96%D1%80%D0%BA%D0%BE%D0%B2%D0%B8%D1%85_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD_%D1%96_
https://www.academia.edu/92728854/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D0%BA%D1%83%D0%BC_%D0%BD%D0%B0_%D1%82%D0%B5%D0%BC%D1%83_%D0%86%D0%BD%D0%B6%D0%B5%D0%BD%D0%B5%D1%80%D0%BD%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D1%96%D0%B7_%D0%B2_Ansys_Workbench_%D0%B7_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD%D0%B8_%D0%9A%D0%BE%D0%BC%D0%BF_%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%96%D0%B2_%D0%BE%D0%B1%D1%80%D0%BE%D0%B1%D0%BA%D0%B8_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2_%D0%B4%D0%BB%D1%8F_%D0%BF%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D1%85_%D0%B7%D0%B0%D0%BD%D1%8F%D1%82%D1%8C_%D1%96_%D1%81%D0%B0%D0%BC%D0%BE%D1%81%D1%82%D1%96%D0%B9%D0%BD%D0%BE%D1%97_%D1%80%D0%BE%D0%B1%D0%BE%D1%82%D0%B8_%D0%B7%D0%B4%D0%BE%D0%B1%D1%83%D0%B2%D0%B0%D1%87%D1%96%D0%B2_%D0%BE%D1%81%D0%B2%D1%96%D1%82%D0%BD%D1%8C%D0%BE%D0%B3%D0%BE_%D1%80%D1%96%D0%B2%D0%BD%D1%8F_%D0%B4%D0%BE%D0%BA%D1%82%D0%BE%D1%80_%D1%84%D1%96%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D1%96%D1%97_%D0%B7%D0%B0_%D1%81%D0%BF%D0%B5%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D1%81%D1%82%D1%8E_131_%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0_%D1%82%D0%B0_%D0%B1%D0%BB%D0%BE%D0%BA%D1%83_%D0%B2%D0%B8%D0%B1%D1%96%D1%80%D0%BA%D0%BE%D0%B2%D0%B8%D1%85_%D0%B4%D0%B8%D1%81%D1%86%D0%B8%D0%BF%D0%BB%D1%96%D0%BD_%D1%96_
https://doi.org/10.1016/j.autcon.2022.104249
https://doi.org/10.1016/j.autcon.2022.104249
https://doi.org/10.1007/978-3-030-85043-2_16
https://doi.org/10.1007/978-3-030-85043-2_16
https://dspace.znu.edu.ua/jspui/handle/12345/11877
https://doi.org/10.1007/978-3-030-42939-3_8
https://doi.org/10.1016/j.asoc.2021.107464
https://ijoce.iust.ac.ir/article-1-464-en.pdf
https://ijoce.iust.ac.ir/article-1-464-en.pdf
https://doi.org/10.1007/s10489-021-03051-5
https://doi.org/10.33108/visnyk_tntu2023.02.118
https://doi.org/10.33108/visnyk_tntu2023.02.118
https://doi.org/10.1016/j.engstruct.2024.118576
https://doi.org/10.1016/j.engfailanal.2023.107488
https://doi.org/10.3390/s20051271
https://doi.org/10.1177/14759217211013535

Method of finite element modelling of the stress-strain state parameters of...

[20] Pierezan, J., dos Santos Coelho, L., Mariani, V.C., de Vasconcelos Segundo, E.H., & Prayogo, D. (2021).
Chaotic coyote algorithm applied to truss optimization problems. Computers & Structures, 242, article number 106353.
doi: 10.1016/j.compstruc.2020.106353.

[21] Shved, Y., Kovalchuk, Y., Shynhera, N., & Voronchak, V. (2020). Fatigue damage of the heel joint of welded roof
truss. Scientific Journal of TNTU, 99(3), 28-33. doi. 10.33108/visnyk_tntu2020.03.028.

[22] Strelets-Streletsky, E., Zhuravlev, A., & Vodopyanov, R. (2019). LIRA-CAD. Book I. Fundamentals. Kyiv: LIRALAND.

[23] Weng, G., Wang, J., Liu, Y., Zhu, X., & Dai, J. (2020). Magnetic stress sensing system for nondestructive stress
testing of structural steel and steel truss components based on existing magnetism. Sensors, 20(14), article number 4043.
doi: 10.3390/s20144043.

[24] Wu, W.,He,X.,He,L.,Wu, C.,He,]., & Zhu, A. (2022). Joints fatigue damage prediction for a steel truss suspension
bridge considering corrosion environment. Arabian Journal for Science and Engineering, 47, 4879-4892. doi: 10.1007/
$13369-021-06318-8.

Makcum OmMensH

AcmiipaHT

TepHOMiMbCHKMIT HALliIOHAIBHMI TeXHIUHMI yHiBepcuTeT iMeHi IBaHa ITymios
46001, Bys1. PycbKa, 56, M. TepHOITiJib, YKpaiHa
https://orcid.org/0009-0008-7501-5318

MeToaunka CKiHYeHHO-eNNeMeHTHOIro MoaesiloBaHHA NapaMeTpiB
Hanpy)>XeHo-ae$dopMiBHOro cTaHy NJIOCKoi pepmMu
3 napanefsibHMMM nosicamm

AHoTaLUiqa. MeTa po60TH TOJISITa€ Y CTBOPEHHI METOAMKIU MOJEMTIOBaHHS HAIIPyskKeHO-IehOopMOBaHOTO CTaHy TIOCKOT
dbepMu 3 mapanesbHUMM MOSICAMU 3a LOTIOMOT0I0 MYJIbTUIIAKETHOT'O MIPOTrPaMHOTro 3abe3eueHHs], 3aCHOBAHOTO Ha
MeTOZAi CKiHUeHHMX eJleMeHTiB. BcTaHOB/IeHO, 1110 nmporpamHi komruiekcu JITPA-CATIP 2016 R5 Ta ANSYS Workbench 14.5
€ Hali6inbI epeKTMBHMMM IJ151 PO3PaxyHKiB ITapaMeTpiB HANIPy>KeHO-1edOPMiBHOTO CTaHy IVIOCKUX dhepM, OCKITbKI
3a6e3MeuyoTh BUCOKY e(eKTUBHICTh MOJeTI0BAHHS 3aBAsKM PO3BMHEHi GYyHKIIIOHAJIbHOCTI Ta afaliTOBAHOCTI 10
3aBJaHb iH)KEHEPHOTO0 aHasi3y. Y mpolieci JociaskeHHs 6y10 31i/iCHeHO aHali3 MOK/IMBOCTeN Ta iHTepdeliciB 3a3HaUeHNX
MPOrpaMHMX CEPEIOBMUIII, @ TAKOXK ITPOBEAEHO MOZIETIOBAHHS IJ1s1 pepMM 3 TPMKYTHOIO PeIiTKoIo Ta po3mipamu 18000x3600
MM, BUTOTOBJIEHOI 3 KOHCTPYKUiiiHOi cTami BCT3mc. Po3pobiieHo reoMeTpuyHi Ta CKiHUeHHO-eJIeMeHTHi Mozesti hepmu
B cepefoBMILlaX BMUSIBJIEHMX PO3PaXyHKOBYUX KOMILIEKCiB. /i1 MOJle/IIOBaHHS 3aCTOCOBYBAINCS €IeMEeHTH 3 IIPOKAaTHUX
KyTHUKIB i3 morepeurum nepepizom 100x100x10 MM, a By3/710Bi KOCMHKM 6y BUKOHAHI 3i CTaeBOTO JIMCTa TOBIIVHOIO
10 mm. Inst mogeni pepmu B ANSYS Workbench 14.5 cTBOpeHO CKiHU€HHO-€eleMeHTHY CiTKY 3 IMCKPeTM3alli€lo po3MipiB,
30KpeMa 1151 pacoHOK, 1110 3abe3rnevye TOYHillle BU3HAUEHHSI MapaMeTpiB HampykeHo-gedopmiBHoro ctany HIC y
KpUTUYHMX 30HaxX epmu. B JITPA-CATIP 2016 R5 monenb dhepmu po36uTa Ha enemeHTy 10x10 MM. 3ariporioHOBaHa MeTOAMKA
BKJTIOUAE [Ba OCHOBHI eTaru: Ha TIepIIoMy eTarli CTBOPIOETHCST MOZEb 1151 BU3SHAUEHHS HalpyskeHO-AedOopMiBHOTO CTaHy
depmu i cepemosui mporpamuoro komruiekcy JIIPA-CAITP 2016 R5, Ha pyromy B cepeioBUILi PO3PaxyHKOBOTO KOMIUIEKCY
ANSYS Workbench 14.5 aHasi3y10Tbcsl OTpMMaHi pe3yabTaTy AJ1s1 ONTUMi3allii KOHCTPYKTUBHMX ITapaMeTpiB. 3aCTOCYBaHHS
1iei MeTOIMKM JO3BOJISIE 3HAUHO CKOPOTUTU Yac, HeOOXiIHMI I7Is1 TPOeKTYBAaHHS Ta PO3PAXYHKIB, 1[0 CIIPUSIE MiABULIIEHHIO
eeKTUBHOCTI KOHCTPYIOBaHHS (epM 3 MapaneabHUMM mosicaMu. [IpakTUyHa I[iHHICTh PO3POOKY TIOJISITA€ B MOXKIMBOCTI
onTumizariii popm Ta po3mMipiB ronepeuHnx nepepisiB eneMeHTIB, [0 MO3UTUBHO BIUIMBAE HA eKOHOMiUuHY e(eKTUBHICTh
MPOeKTOBaHMX (epM, SHIKYIOUM BUTPATY Ha MaTepianu Ta 3a6e3Meuyrouy JOBrOBiUHiCTb KOHCTPYKIIiit
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