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COMPUTER MODELING OF METAL BEAM BENDING WITH DIFFERENT PROFILES
KOMIT’'IOTEPHE MOJIEJIOBAHHS 3Tr'NTHY METAJIEBUX BAJIOK PI3BHUX ITPO®DLJIIB

Steel beams are among the most common structural elements in construction and engineering
structures. They are used to support and distribute loads, enabling the creation of stable and efficient
structures. One of the key aspects in the design of steel beams is their bending behavior.

Research on the bending of steel beams with various profiles holds significant importance for
engineers and designers, as it helps understand material behavior and determine optimal dimensions
and shapes of structures. Conducting such research involves the use of analytical methods, experimen-
tal studies, and numerical models.

One of the outcomes of studying the bending of steel beams is establishing a relationship be-
tween the beam’s profile, its dimensions, material properties, and load-carrying capacity. This data can
be used for developing regulatory documents and standards that govern the design of steel structures.
The selection of appropriate beam profiles is a crucial aspect of design. The choice of an optimal profile
depends on various factors such as expected loads, beam length, allowable deformations, and material
cost. Research allows for the identification of a profile that best satisfies all these requirements.

A comparative analysis between analytical methods and computer modeling revealed that the
closest agreement with theoretical values is observed in modeling using Abaqus, while Ansys shows a
significant increase in error as the profile shape becomes more complex. The significant error
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increase in Ansys is primarily attributed to an insufficient number of mesh elements used to divide the

beam according to the finite element method. Therefore, to mitigate substantial deviations from theo-

retical values when modeling in Ansys, mesh refinement is necessary. One of the research tasks was to

perform bending modeling in different software under equal conditions, meaning with the same num-

ber of mesh elements. Under these conditions, Abaqus demonstrates an advantage over Ansys.
Keywords: bending, beam, finite element method.

Memanesi 6anku € 0OHUMU 3 HAUNOWUPEHIWUX CIMPYKMYPHUX eleMeHmie ¢ 0yJieHuymei ma
IHJICEHEPHUX KOHCMPYKYIAX. BoHU UKOpUCTOBYIOMbCA 01 NIOMPUMKY A PO3NOOLTY HABAHMAICEH-
Hs, WO 00360JI51€ CIMEOPIOBamuy Cmitki ma egpekmueri cnopyou. OOHUM i3 KIHOYOBUX ACNEKMI8 NPOeK-
MYBAHHA MEMAe8Ux OAN0K € IX 32UH.

Jlocniooicenns 3euny memanesux OAioK pisHUX NPOQIinie Marwms geruKe 3HAYeHHS OJisl THce-
Hepie ma Ou3alHepis, OCKIIbKU GOHU OONOMAZAIOMb 3D03YMIMU NOGEOIHKY Mamepianié i GUHAYUMU
ONMUMANbHI po3mipu ma opmy xKoncmpykyiu. Tlposedenns maxkux 00Cniodxicelsb 8K0OUAE 6 cebe Gu-
KOPUCTAHHS AHATTMUYHUX MEeMO0I8, eKCNEPUMEHMANbHUX 00CTIONCEHb MA YUCETbHUX MOOeel.

OO0HuM 3 pe3ynbmamie OOCHIONCEHHS 32UHY Memanesux OANOK € 6CHAHOBNIEHHS 3ANeHCHOCTI
Midic npoginem 6anku, i pozmipamu, mMamepiaiom ma 30amMHICMI0 NEPeHOCUMU HABAHMAdCenHs. LI
Oawi Modcymsb Oymu 8UKOPUCIAHI OJ1 PO3POOKU HOPMAMUBHUX OOKYMEHMIE Ma CManoapmis, sKi pezy-
JIOI0OMb NPOEKMYBAHHS CIANESUX KOHCMPYKYIll. 3acmocy8ants i0nosioHux npoghinie s 6410k € Kiuio-
YOBUM ACNEKMOM 8 NPOEKMY8anti. Bubip onmumansrno2o npoginio 3anexcums 6io bazamvox pakmopis,
MAaKux K O4iKy8aHe HAGAHMAICEHHS, 008HCUHA OAKU, npunycmumi degopmayii ma eapmicmv mame-
piany. [ocnioscenns 00360510mob U3HAUUMU NPOQPINb, AKUL HAUKpauje 3a0080IbHAE YCi Yi UMOU.

IIposedenuii nOpigHATbHUN AHANI3 MIXC AHATIMUYHUM MEMOOOM Ma KOMN TOMEPHUM MOOeio-
BAHHAM NOKA3AB, WO HAUOIIbUWL O1UZbKE CRIBNAOIHHA 00 MEOPEMUYHOL0 3HAUEHHS CNOCMEPIcAEMbCsL NPpU
mooemosanni 6 Abaqus, modi sik 6 ANSYS cnocmepicaemovcs 3HaUHe 3pOCMAHHS NOXUOKU 3 YCKILAOHEHHM
6u0y npoghinio. 3naune 3pOcmantsa NOXUOKU 3YMOGIIEHe 8 NEPULy Yepey HeOOCMAmHbOIO KibKiCmio ejle-
MeHmI8 CimKU HA SKY OLumbs npoepama 6anxy, 32i0H0 Memody cKinueHHux enemenmis. Toowc ons eunpa-
JIeHHS 3HAYHO20 GIOXUNEHHS BI0 MEOPEemUUHO20 3HAUeHHs npu Mooenosanni ¢ ANSYS nompiono szyujio-
samu cimxy. OOHi€ 3 3a0a4 00CTIONCEHHs O)10 NPOBEOCHH MOOCIOBAHHS 32UHY 8 DIZHUX NPOSPAMAX
npu PIHUX YMOBAX, MOOMO 00HAKOSIl KIIbKOCMI eleMenmie cimku, a npu maxkux ymosax Abaqus mae
nepesazy neped Ansys.

Knrouoei cnosa: 3eun, 6aixa, Memoo cKiHueHHUX eleMeHmie.

Problem’s Formulation

The creation of stable structures poses the task of choosing the most effective numerical me-
thods and specialized software for modeling. The investigation of metal beam bending is one of the
simplest tasks in computer modeling; nevertheless, it allows selecting the most accurate software for
conducting more complex calculations and modeling various scenarios, thereby increasing the preci-
sion and efficiency of constructing different structures.

Analysis of recent research and publications

The investigation of metal beam bending with different profiles has been the subject of several

works [1, 2]. Various authors have conducted computer modeling using diverse software tools [3, 4, 5].
Formulation of the study purpose

The aim of this work is to compare the results of numerical calculations and computer model-
ing obtained for beams with different profiles. The goal is to select a software tool that most accurately
simulates the bending process, enabling the execution of more complex calculations.

Presenting main material

Metal beams are among the most common structural elements used in construction and engi-
neering structures. They are employed for support and load distribution, enabling the creation of sturdy
and efficient structures. One of the key aspects in the design of metal beams is their bending behavior.

Bending is a deformation that occurs when a moment is applied to a structural element. It can be an
additional load caused by external factors or a result of the beam's own weight. To ensure the safe and effi-
cient operation of steel structures, it is essential to understand how they bend under the influence of loads.
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Research on the bending of metal beams with different profiles is of great significance to en-
gineers and designers, as it helps to comprehend material behavior and identify optimal dimensions
and shapes for constructions. Conducting such research involves the use of analytical methods, expe-
rimental studies, and numerical models.

Analytical methods are based on solving differential equations that describe the material beha-
vior during bending. They allow obtaining analytical expressions for stresses, strains, and beam def-
lection. These methods are typically used for simple geometric shapes, such as rectangles or circles,
and often require assumptions that may not fully consider all aspects of material behavior. As a result,
their accuracy might be limited when applied to more complex structures or materials with non-linear
behavior. Therefore, for more accurate and comprehensive analysis, numerical methods, such as the
finite element method, are often employed to model the bending behavior of metal beams with differ-
ent profiles. Numerical methods can handle more complex geometries and material behaviors, provid-
ing a more accurate representation of the real-world structural response.

Indeed, experimental research involves conducting physical tests on metal beams with various
profiles and dimensions. These experiments are typically performed on specialized testing rigs where
the loading is controlled, and deformations and stresses are measured. The results of such experiments
help validate analytical models and determine the actual behavior of materials.

Numerical models, based on the Finite Element Method (FEM), divide the structure into a fi-
nite number of elements, and the equations describing material behavior are solved around these ele-
ments. These models allow the investigation of complex geometries and various loading conditions.
They serve as powerful tools for predicting structural behavior and optimizing their design.

One of the outcomes of studying the bending of metal beams is establishing the relationship
between the beam's profile, dimensions, material properties, and its load-carrying capacity. This data
can be utilized in the development of regulatory documents and standards that govern the design of
steel structures. The appropriate selection of beam profiles is a crucial aspect of design. Choosing the
optimal profile depends on several factors, such as expected loads, beam length, acceptable deforma-
tions, and material costs. Research helps determine the profile that best satisfies all these requirements.

One of the crucial aspects of studying the bending of metal beams is understanding the material
behavior during this process. Metals have good stability and elasticity, allowing beams to withstand sig-
nificant loads without permanent damage. However, excessive loading can lead to plastic deformation,
reducing stability, and even causing structural failure. Research helps determine the limits of permissible
loads where the material remains elastic and assists in defining safety factors to ensure reliability.

Moreover, studying the bending of metal beams enables the development and optimization of
specialized structures for various applications. For instance, in bridge design, research helps identify
the optimal shape and size of beams to support heavy loads and enhance the longevity of the bridge
structure. Similar investigations are also applied in designing buildings, cranes, automobiles, and other
engineering structures.

In the modern world, with the advancement of computer technology, numerical methods and mod-
eling are becoming increasingly popular in bending research of metal beams. This allows for complex cal-
culations and modeling of various scenarios, enhancing the accuracy and efficiency of the investigations.

Based on the research on the bending of metal beams, modern regulations and standards are
developed for structural design. These norms ensure high levels of safety and reliability in construc-
tion and aid in material optimization, reducing costs.

In this study, the problem of beam bending and determination of maximum stresses in a resi-
lient and strong beam of length 100 mm with various cross-sectional shapes was solved. The material
of the beam is steel: E = 2.0-10" Pa, v = 0.3. One end of the beam is rigidly fixed, while a load of
p = 1kN is applied to the free end. The widely used software tools based on the Finite Element
Method, namely Ansys and Abaqus, were employed for computer modeling.

According to the theory [1, 2], during bending in the cross-sectional area of the beams, maxi-
mum stresses occur, which can be computed using the following formula:

M
Omax = W_; 1)

X
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I
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Ymax
where M is the bending moment in the cross-section, |, is the moment of inertia about the principal

central axis of the cross-section, which coincides with the neutral axis of the section, and Yy, is the
distance from the x-axis to the furthest fiber of the cross-section.

Let's consider the most common beam profiles:

1. Rectangle with sides b and h. The axial moment of inertia for this profile is:

b-h®
T ®3)

Numerical calculations were performed with values of b =5 mm and h =10 mm, which re-
vealed a maximum stress of 1600 MPa. However, computer modeling conducted using Ansys and Ab-
aqus software (Fig. 1) showed stress values of 1306 MPa and 1556 MPa, respectively.

S, Max. Principal

{Avg: 75%)
+1.556e+03
+1.423e+03
+1.290e+03
+1.157e+03
+1.024e+03
+8.910e+02
+7.581e+02
+6.252e+02
+4.923e+02
+3.594e+02
+2.265e+02
+9.361e+01
-3.929e+01

Fig. 1. Model of the deflection of a rectangular beam
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2. The beam profile is a rectangle with sides b and h and a rectangular cutout inside with sides
b and h;.
The axial moment of inertia for this profile is given by:

3 3
|X=M_ 4)
12

Numerical calculations were performed with values of b =5 mm, h =10 mm, b; =3 mm, and

hy=8 mm, which revealed a maximum stress of 546 MPa. However, computer modeling (Fig. 2)
showed stress values of 344 MPa and 513 MPa, respectively.

5, Max. Principal

(Avg: 75%)
+5.134e+02
+4.702e+02
+4.270e+02
+3.83%9e+02
+3.407e+02
+2.975e+02
+2.544e+02
+2.112e+02
+1.680e+02
+1.249e+02
+8.170e+01
+3.853e+01
-4.631e+00

Fig. 2. Model of the deflection of a rectangular beam with a cutout

3. For a circular profile with a radius d, the axial moment of inertia is given by:
I, =0049-d%. (5)
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The calculations were performed with a value of d =10 mm, which revealed a maximum stress
of 658 MPa. However, computer modeling (Fig. 3) showed stress values of 539 MPa and 686 MPa,
respectively.

4. For a pipe with diameters dand dy, the axial moment of inertia is given by:

I, =0049- (4% —df). (6)
The analytical calculations with values of d=10 mmand d;=5 mm revealed a maximum stress

of 2100 MPa. However, computer modeling using Ansys and Abaqus software (Fig. 4) showed stress
values of 1421 MPa and 1967 MPa, respectively.

S, Max. Principal

{Avg: 75%)
+6.866e+02
+6.281e+02
+5.696e+02

+5.112e+02
+4.527e+02
+3.943e+02
+3.358e+02
+2.774e+02
+2.189e+02
+1.605e+02
+1.020e+02
+4.355e+01
-1.491e+01

Fig. 3. Model of the deflection of a beam with a circular profile



32 Matematiune MoaemoBanHs Ne 2(49) 2023

S, Max. Principal

{(Avg: 75%)
+1.96/e+03
+1.796e+03
+1.625e+03

+1.454e+03
+1.283e+03
+1.112e+03
+9.413e+02
+7.704e+02
+5.995e+02
+4.286e+02
+2.577e+02
+8.679%+01
-8.410e+01

Fig. 4. Model of the deflection of a pipe

5. For a profile in the shape of the letter "L", the axial moment of inertia is given by:

IX=%-(d-l13+H-(H—If)—(H—d)-(H—Il—d)S), ©)

where H is the height of the upper part and the width of the lower part of the profile, d is the thickness
of both the upper and lower parts of the profile, and |, is the distance from the bottom of the profile to
its center of gravity.

Numerical calculations were performed with values of H=10 mm, d =5 mm, and |; = 5.5 mm,
which revealed a maximum stress of 1700 MPa. However, computer modeling using Ansys and
Abaqus software (Fig. 5) showed stress values of 1266 MPa and 1511 MPa, respectively.

6. For a profile in the shape of the letter "C", the axial moment of inertia is given by

1

|X=E-(B-H3—b-h3), 8)
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S, Max. Principal

(Avg: 75%)
+1.511e+03
+1.380e+03
+1.250e+03
+1.119e+03
+9.887e+02
+8.582e+02
+7.276e+02
+5.971e+02
+4.66b6e+02
+3.361e+02
+2.055e+02
+7.502e+01
-5.550e+01

Fig. 5. Model of the deflection of the profile in the shape of the letter "L"

where H is the height of the upper part of the profile, B is the width of the lower part of the profile, h is
the depth of the recess in the profile, and b is the width of the recess in the profile.

Numerical calculations were performed with values of H=10 mm, B =5 mm, h =8 mm, and
b = 3 mm, which revealed a maximum stress of 3464 MPa. However, computer modeling using Ansys
and Abaqus software (Fig. 6) showed stress values of 1903 MPa and 3662 MPa, respectively.

Conclusions

The comparative analysis between the analytical method and computer modeling showed that
the closest agreement with the theoretical values is observed when modeling in Abaqus, while Ansys
exhibits significant errors as the complexity of the profile increases. The significant increase in errors
in Ansys is primarily due to the insufficient mesh density, according to the finite element method.
Therefore, to reduce the deviation from the theoretical values in Ansys, it would be necessary to refine
the mesh.

One of the research objectives was to perform modeling in different software under the same
conditions, i.e., with an equal number of mesh elements. Under such conditions, Abaqus demonstrated
an advantage over Ansys.

In conclusion, for modeling mechanical deformations, Abaqus appears to be the most suitable
software based on the above-mentioned comparisons and results.
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Fig. 6. Model of the deflection of the profile in the shape of the letter "C"
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