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https://doi.org/10.18280/jesa.580514 ABSTRACT

The use of material handling equipment is ubiquitous in daily life. One type of material
handling machinery that is widely used in many different engineering domains is the crane.
This work aims to address the full design and analysis of an industrial crane with a high
load capacity. Four structural crane models were designed in this work, and the cross-
sectional area of the system was altered in areas that were thought to have high stresses
and deformations. This was done in order to lower the values and disperse the facades
throughout the system, producing a model with a high loading efficiency. Finite element
analysis was performed for the estimated load situation with a specific influence factor.
The maximum stress and deformation regions for each component were identified in order
to validate the design values. The maximum deformation values in all three models are
significantly and quickly smaller than those in the first model, according to the modeling
study's conclusion. The largest drop (44.35%) occurred in the fourth model. The values of
the various displacements and stresses also dropped, as the fourth model's maximum
percentage of stress reduction from the first model was 57.81. Furthermore, it is
determined that the displacements and stresses in the fifteenth nodes of the three models
are substantially smaller than those in the first model. It appears to decline considerably in
the decade of the fourth model.
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1. INTRODUCTION

A truss structural analysis's first objective is to ascertain the
members' internal forces. The member forces are required in
order to design the joints and members.

The safety of construction machinery is subject to
increasingly stringent regulations as a result of the increased
output of construction. Production safety when using overhead
cranes for lifting and hoisting operations is mostly dictated by
the state of the undercarriage, crane runways, and metal
structures [1].

Material handling equipment is used to move loads in
departments, factories, and plants, as well as at construction
sites, points of storage and reloading, and other locations. In
contrast to long-distance transportation, which involves
moving loads over long distances, material handling
equipment moves loads over relatively short distances [2-4].
In the design case considering the global stability of structures:
buckling and lateral torsional buckling, it is crucial to know
the critical load of the compressive and bending elements.
Empirical formulas, for instance, can be used to determine this
load. Computer programs or Euler's formula, for instance. LT-
frame. Experimental methods can also be used to determine
the critical load. But empirical models are never complete
structures; instead of bifurcation points, equilibrium paths are
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defined by boundary points. The horizontal asymptotes and
initial imperfections that influence the nonlinear relationships
between load and displacements are known as the critical load,
and they characterize the equilibrium path of imperfect
systems [5-7]. The high specific strength, modulus, and
stiffness of lattice truss structures have made them a thought-
provoking option for various lightweight engineering
structures [8-10]. By using the factor modal combination rule
as the basis for their procedure, researchers [11, 12] enhanced
displacement-based adaptive pushover. According to their
findings, the suggested methodology can accurately reproduce
the peak dynamic responses and outcomes.

The study [13] provides graphical techniques based on
experimental findings for determining the critical loads of
column and beam elements. The principles of each method's
application are presented by the author, along with the findings
of his experimental investigations into the instability
phenomenon of imperfect planar steel trusses. After
determining the tested truss's critical load using the previously
discussed methods, the findings of the numerical analysis were
compared. The techniques for figuring out the critical moment
in the truss analysis have been shown to be valid. The main
goal of this article [14] is to create a range of models with
different composite materials and shapes. The findings
indicate that the rate of deformation has increased. versus non-
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linear beams and those with linear shapes. Furthermore, the
findings indicate a rise in stresses and strains in regions that
have curves, or nonlinear regions. Bhimsen et al. [15] In the
current study, a cantilever beam system with variously shaped
holes on its surface under direct external load conditions was
studied. The strain results show that models made of
composite materials have increased in various proportions; the
model made of glass fibers had the highest values, reaching
92.18%. Marchuk et al. [16] In this article, the normal
operating condition of electric overhead cranes was studied
while they are subjected to a very large dynamic load. This
research presents a simulation of the dynamics of the electric
overhead crane for three critical operations of the crane: lifting
the load, lowering the load, and transport movement.

In this study, a four of models will be designed for gabled
structures subject to load. The effect of these load on all the
arms that make up the trussed structure will be studied, in
order to determine the maximum deformation, displacement
and stress on the models, with the aim of reducing these loads
by changing the cross-sectional area of the structure. This will
be repeated until the best model that is resistant to these loads
is reached without collapsing during work. This study [17]
compared the stresses in various cross sections that were
obtained using the Winkler-Patch method and finite element
analysis. The goal was to decrease the stresses in the sections
by adjusting the design parameters, specifically the mass of the
material in the trapezoidal section. The strength and durability
of the machine elements and the structure are assessed using
stress concentration factors. It has been observed that weight
gain affects stress. In this study [18], researchers used the
ANSYS Workbench platform to study the solution of a
complex frame member design problem for an industrial
building based on the rational design algorithm of the
suggested structure. This program was used to create
structures that were the ideal size. This study [19] aims to
analyze the stress-strain states of an actual casting crane while
accounting for additional inertia loads, thermal effects, and the
weight of the lifted load. The pattern of stress distribution
within the transverse elements is the study's goal. A
methodology based on force calculations that consider
allowable stresses and FEM is proposed to model and analyze
the stress-strain states of a casting crane. The traverse metal
frame's stress-strain state was analyzed, and the results
indicated that the equivalent stress values ranged from 6 to 125
MPa and were unevenly distributed among the elements.
During strength calculations and element optimization of
hoisting and transport machines, the finite element method
implemented in CAD/CAE systems is widely used [20-23].
This allows to: improve the accuracy of performed
calculations; obtain a picture / chart with stress-strain states of
the entire assembly. In this study [24], the optimization study
of some fundamental geometric and material parameters of
industrial portal frame structures with varying capacities of
vertical cranes is presented. The findings indicate that when
the span or gate spacing varies with respect to their optimal
values, the weight differential between double and single gate
frames falls. This study [25] examined the damage
characteristics and thermal response of steel structures that
were subjected to fire manufacturing. Initially, the ultimate
bearing capacity and fire resistance were computed and
inspected, along with the thermal response of the
manufactured steel structures under fire. Experimental
investigations into the damage characteristics and thermal
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response of prefabricated steel structures under fire were
conducted, and the findings confirmed the validity of the
suggested analysis technique. In this study [26], the novel truss
system known as truss-Z is introduced. It enables the
construction of intricate, reversible structural networks with a
distinct organic aesthetic. One modular unit is used for the
supporting structure and two modular units are used to
construct the main truss structure. The environmental elements
are actual impediments, like buildings, roads, and waterways,
that could interfere with the operation of trusses and the
positioning of supports. A truss-Z network connecting six pins
in a three-obstacle environment is demonstrated. Joinery, full-
size fabrication, and truss module fabrication issues are also
covered. The purpose of this work [27] is to provide a
straightforward and precise finite element (3D) model that can
be used to predict how beam-to-column joints in steel frames
will behave when subjected to lateral loads. The joint is
designed using the ANSYS software package. The findings
indicated that compared to other modeling techniques, this one
should provide a significantly smaller number of elements and
a faster solution time while avoiding the aforementioned
drawbacks.

Numerous studies have employed the ANSES program in
engineering designs and diverse fields to determine the stress
and strain conditions of these structures under varying loads
[28-33].

The technique of this study was primarily motivated by the
significant value that previous research has demonstrated in
assessing the stresses of truss constructions.

In this article, the ANSYS program and the finite element
method will be used to design four steel truss structure models
that can support a heavy load. This article will develop a model
with high resistance and a large reduction in the values of
stresses and deformations during loading. By building three
different models and comparing them to the first model, which
has an equal cross-sectional area throughout, the models will
be developed by increasing the cross-sectional area of the
structural parts that exhibit the maximum deformation and
stress.

2. SIMULATING AND MODELING

Figure 1 shows the structural elements, their dimensions,
and areas. Table 1 shows the four models' structural elements
and nodes, each measuring four meters, as well as the cross-
sectional area of each element.

Four steel models of truss structures with high loads were
created. As seen in Figure 2 (Model - 1), the cross-sectional
area of every component in the first model was the same. The
second model's components had a different cross-sectional
area and were arranged differently, as seen in Figure 2 (Model
- 2). The third model's cross-sectional area was likewise
rearranged and displayed as Figure 2 (Model - 3). Additionally,
the fourth model's cross-sectional area was different and
arranged as Figure 1 (Model - 4) illustrates.

In every model, a load of (P = 600 KN) was applied, and
Figure 2 illustrates which node applied the load. The
mechanical properties of steel are ultimate stress (485 MPa),
yield tensile stress (368 MPa), density (7800 Kg/m?), Poisons
ratio (0.29), shear modulus (80 GPa) and modulus of elasticity
(210 GPa).
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Figure 2. The four models

Table 1. The structural elements and the nodes and area of
each element in the four models

Area (mm?)

Element ~ Nodes ;4011 Model2 Model3 Model 4
1 1-2 70688 70688 123704 70688
2 1-3 70688 70688 70688 123704
3 2-4 70688 123704 123704 123704
4 3.4 70688 70688 70688 70688
5 2-3 70688 70688 70688 70688
6 3.3 70688 70688 123704 123704
7 4-6 70688 123704 123704 123704
8 5.6 70688 70688 70688 70688
9 4-5 70688 70688 70688 70688
10 5.7 70688 70688 123704 123704
11 6-8 70688 123704 123704 123704
12 7-8 70688 70688 70688 70688
13 6-7 70688 70688 70688 70688
14 7-12 70688 70688 123704 123704
15 8-13 70688 123704 123704 123704
16 12-13 70688 70688 123704 70688
17 8-12 70688 70688 70688 70688
18 8-9 70688 123704 123704 70688
19 9-10 70688 123704 123704 70688
20 10-11 70688 123704 123704 70688
21 11-15 70688 70688 123704 70688
22 14-15 70688 70688 123704 70688
23 13-14 70688 70688 123704 70688
24 §-14 70688 70688 70688 70688
25 9-14 70688 70688 70688 70688
26 10-14 70688 70688 70688 70688
27 10-15 70688 70688 70688 70688




3. RESULTS AND DISCUSSION

The most significant results from the ANSYS program are
displayed in Figures 2 - 10 as well as Tables 1 and 2.

The deformation results on the four models following
loading are displayed in Figure 2. Maximum deformation
values for the four models were 25.4485, 20.2039, 17.4227,
and 14.162 mm, respectively. It turns out that the maximum
stress values are lower in the three models than in the first

The displacement values that appear on the structural
components of the four models after loading decrease in
various directions, as seen in Figures 3, 4, 5, and Table 1. Pairs
in the three models decreased relative to the first model by
(12.291, 9.74411, 7.38496, 6.51544 mm) in the x-direction
and by (2.12278, 2.08567, 1.24838, 1.22179 mm) in y-axis
direction, while the total displacements decreased by (25.4485,
20.2039, 17.4227, and 14.162 mm), respectively.

model.

DISPLACEMENT R15.0{ | DISPLACEMENT R15.0
STEP=1 JUL 52024 STEP=1 JUL 52024
SUB =1 121027 SUB =1 16712112
TIME=1 TIME=1
DMX =25.4485 DMX =20.2039
MODEL - 1 MODEL - 2
JUL 52024 R15.0| | JUL 52024 R15.0
16:28:26 1217:49
DISPLACEMENT DISPLACEMENT
STEP=1 STEP=1
SUB =1 SUB =1
TIME=1 TIME=1
DMX =17.4227 DMX =14.1652
MODEL - 3 MODEL - 4
Figure 3. Each model's deformation results
NODAL SOLUTION R15.0] | NODAL SOLUTION R15.0
STEP=1 STEP=1
SUB =1 -011395 SUB =1 -011395
TIME=1 135554 TIME=1 107255
ux  (AVG) UX  (AVG)
RSYS=0 272248 RSYS-0 215649
DMX =25.4485 408942 DMX =20.2039 3.24044
SMN =-.011395 SMN =-.011395
SMX =12.261 545635 SMX =0.74411 432439
6.82329 5.40833
819023 6.49228
9.55716 7.57622
10.0241 8.66017
12.291 l 9.74411 l
JUL 52024 JUL 52024
1211:22 16:13:12
MODEL - 1 MODEL - 2
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JUL 52024 R15.0| | JUL 52024 R15.0
16:28:59 12:18:42
NODAL SOLUTION -.00641 NODAL SOLUTION -.00641
STEP=1 814854 STEP=1 71824
SUB =1 163612 SUB =1 1.44289
TIME=1 TIME=1
UX  (AVG) 245738 UX  (AVG) 216754
RSYS=0 327865 RSYS=0 2.80219
DMX =17.4227 409991 DMX =14.1652 3.61684 I
SMN =-.00641 . SMN =-.00641 -
SMX =7.38496 a9m7 SMX =6.51544 434149
574244 5.06614
6.5637 5.79079
7.38496 l 6.51544 l
MODEL - 3 MODEL - 4
Figure 4. Indicates the findings of each model's displacement about the x-axis (U,)
NODAL SOLUTION R15.0| | NODAL SOLUTION R15.0
STEP=1 STEP=1
SUB =1 -25 SUB =1 -19.8639
TIME=1 21,9864 TIME=1 -17.425
Uy (AVG) Uy  (AVG)
RSYS=0 -18.9727 RSYS=0 -14.9862
DMX =25.4485 -15.9591 DMX =20.2039 12,5473
SMN =-25 SMN =-19.8639 101085
SMX =2.12278 12,9454 SMX =2.08567 -10.
-9.93179 I -7.66968 I
-6.91815 -5.23084
-3.90451 2792
-.890867 -.353163
212278 l 2.08567 l
JUL 52024 JUL 52024
12:11:49 16:13:43
MODEL - 1 MODEL - 2
S ANSYS ANSYS
JUL 52024 R15.0 JUL 52024 R15.0
16:29:25 1219:11
NODAL SOLUTION -17.3018 NODAL SOLUTION -13.9598
STEP=1 -15.2407 STEP=1 -12.273
SUB =1 131795 SUB =1 -10.5861
TIME=1 TIME=1 8.80027
UY  (AVG) -nme4 Uy  (AVG) -8
RSYS=0 -9.05728 RSYS=0 -7.21242
DMX =17.4227 I DMX =14.1652 I
SMN =-17.3018 ~6.99615 SMN =-13.9598 ~5.:52558
SMX =1.24838 -4.93502 SMX =1.22179 -3.83874
_-2.87389 -2.1519
- 812756 - 465055
1.24838 l 1.22179 l
MODEL - 3 MODEL - 4

Figure 5. Indicates the findings of each model's displacement about the y-axis (U,)

Results of various stresses that appear on the loaded models
are shown in Figures 6-10. The maximum tensile and
compressive stresses had the following values, as can be seen
from the figures.

1. a. The models for tension normal stress (o, are:
(25.4485, 20.2034, 17.4227, 14.1652 MPa), respectively.
b. The models for compressive normal stress (o) are:
(48,35.9979, 35.9979, 20.249 MPa), respectively.

2. The following are the models for the first normal stress

(01): 25.4485, 20.2039, 17.4227, 14.1652 MPa, in that

order.

3. The following models, in order of third normal stress (a3),
are available: 25.4485, 20.2039, 17.4227, and 14.1652
MPa.

4. The following are the models for intensity stress (0jp; ):
25.4485, 20.2034, 17.4227, and 14.1652 MPa,
respectively.

5. Von mises stress (0,,,) models are as follows: 25.4485,
20.2034, 17.4227, and 14.1652 MPa, respectively.
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NODAL SOLUTION R15.0| | NODAL SOLUTION R15.0
STEP=1 STEP=1
SUB =1 0 SUB =1 0
TIME=1 2.82761 TIME=1 224488
USUM  (AVG) USUM  (AVG)
RSYS=0 5.65522 RSYS=0 4.48977
DMX =25.4485 8.48282 DMX =20.2039 6.73465
=25, SMX =20.2039
SMX =25.4485 11.3104 8.97953
14.138 11.2244
16.9656 13.4693
19.7933 15.7142
22.6209 17.9591
25.4485 20.2039
JUL 52024 JUL 52024
12:12:09 16:14:05
MODEL - 1 MODEL - 2
ANSYS ANSYS
JUL 52024 R15.0| | JUL 52024 R15.0
16:29:49 12:19:39
NODAL SOLUTION 0 NODAL SOLUTION 0
STEP=1 1.93585 STEP=1 1.57391
SUB =1 3.8717 SUB =1 314782
TIME=1 TIME=1
USUM  (AVG) 5.80755 USUM  (AVG) 472173
RSYS=0 7.74341 RSYS=0 6.29564
DMX =17.4227 DMX =14.1652
SMX =17.4227 967926 SMX =14.1652 786954
11.6151 9.44345
13.551 11.0174
15.4868 125913
17.4227 14.1652
MODEL - 3 MODEL - 4
Figure 6. The results of the sum displacement (Ug,,,) for each model
ANSYS ANSYS
NODAL SOLUTION R15.0| | NODAL SOLUTION R15.0
STEP=1 STEP=1
SUB =1 -48 SUB =1 -35.9979
TIME=1 398384 TIME=1 -29.1699
X (AVG) SX  (AVG)
RSYS=0 -31.6768 RSYS=0 -22.3418
DMX =25.4485 -23.5152 DMX =20.2039 -15.5138
SMN =-48 SMN =-35.9979
SMX =25.4544 -15.3536 SMX =25.4544 -8.68579
-7.19202 -1.85776
1960574 4.97027
913117 11.7983
17.2928 18.6263
25.4544 25.4544
JUL 52024 JUL 52024
12:12:33 16:14:29
MODEL - 1 MODEL - 2
ANSYS ANSYS
JUL 10 2024 R15.0/ | JUL 52024 R15.0)
09:40:43 12:22:40
NODAL SOLUTION -35.9979 NODAL SOLUTION -20.249
STEP=1 -29.1699 STEP=1 -16.4082
SUB =1 -22.3418 SUB =1 -12.5674
TIME=1 TIME=1
X (AVG) -15.5138 X (AVG) -8.72658
RSYS=0 -8.68579 RSYS=0 -4.88579
DMX =17.4227 DMX =14.1652
SMN =-35.9979 185776 SMN =-20.249 -1.045
SMX =25.4544 497027 SMX =14.3182 2.7958
11.7983 6.63659
18.6263 104774
25.4544 14.3182
MODEL - 3 MODEL - 4

Figure 7. The results of the normal stress (g, ) for each model
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ANSYS ANSYS
NODAL SOLUTION R15.0/ | NODAL SOLUTION R15.0
STEP=1 STEP=1
SUB =1 0 SUB =1 0
TIME=1 282826 TIME=1 2.82826
ST (AVG) ST (AVG)
DMX =25.4485 5.65652 DMX =20.2039 5.65652
SMX =25.4544 8.48479 SMX =25.4544 8.48479
11313 11.313
14.1413 141413
16.9696 16.9696
19.7978 19.7978
22.6261 22.6261
25.4544 25.4544
JUL 52024 JUL 52024
12:13:06 16:14:55
MODEL - 1 MODEL - 2
ANSYS ANSYS
JUL 52024 R15.0| | JUL 52024 R15.0
16:32:09 12:20:31
NODAL SOLUTION 0 NODAL SOLUTION 0
STEP=1 2.82826 STEP=1 1.50001
SUB =1 5.65652 SUB =1 3.18182
TIME=1 TIME=1
St (AVG) 8.48479 St (AVG) 477273
DMX =17.4227 11313 DMX =14.1652 6.36364
SMX =25.4544 141413 SMX =14.3182 705454
16.9696 9.54545
19.7978 11.1364
22,6261 127273
25.4544 14.3182
MODEL - 3 MODEL - 4
Figure 8. The results of the first normal stress (o;) for each model
NODAL SOLUTION R15.0| || JUL 52024 R15.0
10:56:31
STEP=1
SUB =1 -48 NODAL SOLUTION -35.9979
TIME=1 _42 6667 STEP=1 -31.9981
S3  (AVG) SUB =1
DMX =25.4485 -37.3333 i -27.9984
SMN =-48 -32 3 (AVG) -23.9986
_26.6667 DMX =20.2039 -19.9988
213333 SMN =-35.9979 -15.9991
-16 -11.9993
-10.6667 -7.99953
-5.33333 -3.09977
0 0
JUL 52024
12:13:37
MODEL - 1 MODEL - 2
JUL 52024 R15.0] | JUL 52024 R15.0
16:32:54 12:21:23
NODAL SOLUTION -35.9979 NODAL SOLUTION -20.249
STEP=1 -31.9981 STEP=1 -17.9991
SUB =1 -27.9984 SUB =1 -15.7492
TIME=1 TIME=1
3 (Ave) -23.9986 3 (AVG) -13.4993
DMX =17.4227 -19.9988 DMX =14.1652 -11.2494
SMN =-35.9979 15.0001 SMN =-20.249 899954
-11.9993 -6.74965
-7.99953 -4.49977
©3.90977 224988
0 0
MODEL - 3 MODEL - 4

Figure 9. The results of the third normal stress (o3) for each model
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ANSYS ANSYS
NODAL SOLUTION R15.0 | JUL 52024 R15.0
CTEP=t 10:56:52
SUB =1 0 NODAL SOLUTION 0
TIME=1 533333 _ 399977
SINT  (AVG) :LEBP::
DMX =25.4485 10,6667 = 7.99953
SMX =48 16 TIME=1 11.9993
SINT  (AVG) :
213333 DMX =20.2039 15.9991
26,6667 SMX =35.9979 19.9988
32 23.9986
37.3333 27.9984
42.6667 31,9981
48 35.9979
JUL 52024
12:13:57
MODEL - 1 MODEL - 2
ANSYS ANSYS
JUL 52024 R15.0 | JUL 52024 R15.0
16:33:15 12:21:54
NODAL SOLUTION 0 NODAL SOLUTION 0
STEP=1 3.09977 STEP=1 2.24988
SUB =1 7.99953 SUB =1 4.49977
TIME=1 TIME=1
SINT  (AVG) 1.9993 SINT  (AVG) 6.74365
DMX =17.4227 15.9991 DMX =14.1652 8.99954
SMX =35.9979 19,9988 SMX =20.249 112494
23.9986 13.4903
27.9984 15.7492
31,9981 17.9991
35.9979 20.249
MODEL - 3 MODEL - 4
Figure 10. The results of the intensity stress (g;,; ) for each model
NODAL SOLUTION R15.0 | JUL 52024 R15.0
STEP-1 10:57:29
SUB =1 0 NODAL SOLUTION 0
TIME=1 533333 _ 3.99977
SEQV  (AVG) :LEBP::
DMX =25.4485 10.6667 = 7.99953
SMX 4 TIME=1
= 16 SEQV  (AVG) 11.9993
213333 DMX =20.2039 15.9991
26.6667 SMX =35.9979 19.9988
32 23.9986
37.3333 27.9084
42,6667 31,9981
43 35.9979
JUL 52024
12:14:25
MODEL - 1 MODEL - 2
ANSYS| ANSYS
JUL 52024 R15.0 | JuL 52024 R15.0
16:33:44 12:22:18
NODAL SOLUTION 0 NODAL SOLUTION 0
STEP=1 3.99977 STEP=1 2.24988
SUB =1 7.99953 SUB =1 4.49977
TIME=1 TIME=1 6.74965
SEQV  (AVG) 11.9993 SEQV  (AVG) :
DMX =17.4227 15.9991 DMX =14.1652 8.99954
SMX =35.9979 199038 SMX =20.249 112008
23.9986 13.4993
27.9984 15.7492
31,9081 17.9991
35,9979 20.249
MODEL - 3 MODEL - 4

Figure 11. The results of the von Mises stress (a,,,,,) for each model
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Table 2. The following degree of freedom results are in the global coordinate system

NODE Model - 1 Model - 2 Model - 3 Model - 4
Umm Umm Ug,,mm Umm Umm U, mm Umm Umm U, mm U,mm U, mm Ug, mm
1 0.0 0.0 0.0 0 0 0 0.0 0 0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.5 0.5 0.7 0.5 0.5 0.7 0.3 0.3 0.4 0.3 0.3 0.4
4 0.5 -0.9 1.0 0.5 -0.4 0.6 0.3 -0.4 0.5 0.3 -0.4 0.5
5 24 1.0 2.6 1.8 1.0 2.1 1.2 0.5 1.3 1.2 0.5 1.3
6 24 -1.6 2.8 1.8 -0.7 2.0 1.2 -0.7 1.4 1.2 -0.7 1.4
7 5.4 1.5 5.6 4.0 1.5 43 2.7 0.8 2.8 2.7 0.8 2.8
8 5.4 -2.2 5.8 4.0 -1.1 4.1 2.7 -1.1 2.9 2.7 -1.1 2.9
9 5.1 9.2 10.5 3.8 -6.9 7.9 2.4 -5.9 6.3 2.5 -5.0 5.7
10 4.7 -16.7 17.4 3.6 -13.1 13.6 2.1 -11.3 11.5 2.4 -94 9.7
11 4.6 -24.8 25.2 3.5 -19.7 20.0 1.9 -17.2 17.3 23 -13.8 14.0
12 10.9 1.9 11.1 8.4 1.9 8.6 6.3 1.1 6.4 5.7 1.1 5.8
13 11.4 -2.2 11.6 8.9 -1.1 9.0 6.6 -1.1 6.6 6.0 -1.1 6.1
14 11.9 -9.2 15.0 9.4 -6.9 11.6 7.0 -5.9 9.2 6.2 -5.0 8.0
15 12.0 -16.9 20.8 9.5 -13.3 16.3 7.2 -11.4 13.5 6.3 -9.5 114
Table 3. The following different stress values are in global coordinates
Model - 1 Model - 2
NODE Oy (41 g3 Oint. Oyon Oy (41 a3 Oint Oyon
MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa
1 0.0 12.7 0.0 12.7 12.7 12.7 12.7 0 12.7 12.7
2 0.0 0.0 -16.0 16.0 16.0 -6.4 0.0 -6.4 6.4 6.4
3 0.5 12.7 0.0 12.7 12.7 12.7 12.7 0.0 12.7 12.7
4 0.5 0.0 -20.5 20.5 20.5 -9.5 0.0 -9.5 9.5 9.5
5 2.4 12.7 0.0 12.7 12.7 12.7 12.7 0.0 12.7 12.7
6 2.4 0.0 -17.0 17.0 17.0 -9.5 0.0 -9.5 9.5 9.5
7 5.4 12.7 0.0 12.7 12.7 12.7 12.7 0.0 12.7 12.7
8 54 0.0 -16.5 16.5 16.5 -12.8 0.0 -12.8 12.8 12.8
9 5.1 0.0 -11.3 11.3 11.3 -6.4 0.0 -6.4 6.4 6.4
10 4.7 0.0 -5.5 5.5 5.5 2.7 0.0 -2.7 2.7 2.7
11 4.6 1.8 0.0 1.8 1.8 3.6 3.6 0.0 3.6 3.6
12 10.9 5.0 0.0 5.0 5.0 5.0 5.0 0.0 5.0 5.0
13 11.4 17.0 0.0 17.0 17.0 17.0 17.0 0.0 17.0 17.0
14 11.9 6.8 0.0 6.8 6.8 6.8 6.8 0.0 6.8 6.8
15 12.0 4.0 0.0 4.0 4.0 4.0 4.0 0.0 4.0 4.0
Model - 3 Model - 4
Ox 01 03 Oint. Oyon Ox 01 03 Oint Oyon
MPa MPa MPa MPa MPa MPa MPa MPa MPa MPa
7.2 7.2 0.0 7.2 7.2 7.2 7.2 0.0 7.2 7.2
-6.4 0.0 -6.4 6.4 6.4 -6.4 0.0 -6.4 6.4 6.4
7.2 7.2 0.0 7.2 7.2 7.2 7.2 0.0 7.2 7.2
-9.5 0.0 -9.5 9.5 9.5 -9.5 0.0 -9.5 9.5 9.5
7.2 7.2 0.0 7.2 7.2 7.2 7.2 0.0 7.2 7.2
-9.5 0.0 -9.5 9.5 9.5 -9.5 0.0 -9.5 9.5 9.5
7.2 7.2 0.0 7.2 7.2 7.2 7.2 0.0 7.2 7.2
-14.0 0.0 -14.0 14.0 14.0 -10.1 0.0 -10.1 10.1 10.1
-11.3 0.0 -11.3 11.3 11.3 -6.4 0.0 -6.4 6.4 6.4
-5.5 0.0 -5.5 5.5 5.5 -2.7 0.0 -2.7 2.7 2.7
1.8 1.8 0.0 1.8 1.8 1.0 1.0 0.0 1.0 1.0
-2.5 0.0 -2.5 2.5 2.5 2.8 2.8 0.0 2.8 2.8
133 13.3 0.0 133 133 9.5 9.5 0.0 9.5 9.5
6.8 6.8 0.0 6.8 6.8 3.8 3.8 0.0 3.8 3.8
4.0 4.0 0.0 4.0 4.0 1.0 1.0 0.0 1.0 1.0

The values of various displacements and stresses at each
node significantly decreased when comparing the values of the
three models with the first model in the table and figures
(Figures 3-11).

The fluctuations in the values of the various displacements
and stresses in the four models at each node are displayed in
Tables 2 and 3.

The most significant results from the Excel program are
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displayed in Figures 12-19, which compare the four models
for the various displacements and stresses that manifest on the
models when loaded.

The results show that variations in cross-sectional area have
a considerable impact on structural integrity and load
distribution in beams. Increasing the cross-sectional area often
improves the beam's moment of inertia, improving its ability
to withstand bending and deflection under load.
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4. CONCLUSIONS

The most significant findings can be obtained by analyzing
and assessing the data from the ANSYS and Excel programs.
In each model, some structural components had a different
cross-sectional area, with the exception of the first model,
which had equal cross-sectional areas in every part of the
structure. These results are as follows:

1.

The maximum deformation value in the three models, as
compared to the first model, decreased noticeably, with
high percentages (20.61, 31.54, and 44.35%), according
to an analysis of the deformation results after loading the
models with the same load.

The displacement values toward the X- and Y-axes
decreased, according to the analysis's result. In
comparison to the first model, the three models' respective
results are (20.72, 39.92, 46.99%), (1.75, 41.19, and
42.44%), respectively.

When comparing the three models with the first model,
the results of the various stresses (0y, 0y, 03, Opon, Oint.)s
decrease by significant percentages. where the
corresponding decreases in these stresses' proportions
(20.61, 31.54, and 44.34%) ranged from. There was a
decrease in compressive normal stresses (g, ) of (25.00,
25.00, and 57.81%), respectively.

Additionally, it concludes that, in comparison to the first
model, the displacements and stresses in the fifteenth
nodes of the three models are significantly lower. It seems
to have decreased off considerably in the fourth model's
decade.

5. RECOMMENDATIONS AND FUTURE WORK

This study suggests carrying out additional theoretical and
applied research in the area of truss structural control and the
following states of stress, strain, and deformation under load:

1.

Establishing structural control techniques based on
nonlinear techniques, like the dynamic relaxation
approach, is advised because linear techniques are less
precise than nonlinear ones.

Using the ANSYS program, create models with uneven
cross-sectional areas in various forms, examine how
they deform and stress under load, and address points of
weakness.

Recommend carrying out an experimental investigation of
the topics included in this article to demonstrate it practically
and carry out additional research if required.
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