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ABSTRACT

The steel structure have maximum complexity in designing against
load bearing capacity as well as stability to withstand under different
types of stresses, thus several types of sections were proposed to
enhance stability under variable kind of loads, further channel section
and I — sections have maximum capability to resist maximum stress
and loads in different conditions. In present investigation analysis is
performed on ABAQUS to identify the strength ability during unity
load with shear buckling evaluation by performing simulation of
shear buckling prediction using ABAQUS/FEM package in channel
section with different shape hole in web i.e. circular, elliptical,
hexagonal, pentagonal and rhombus, the parameters and results were
validated from present previous research work present in literature,
these different hole profiles in channel section are investigated for
shear stress, deformation, eigen value/shear force, reaction force and
shear buckling coefficient. Thus minimum shear stress is found in
hexagonal hole profiled channel section with respect to different hole
diameter, IS 808 — 1989 was considered for design of channel
section.

KEYWORDS: Shear buckling coefficient (Kv), Shear Stress, Vonmises
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L INTRODUCTION
In structural engineering, buckling is the sudden trade
between structure (deformation) of a structural
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component under load, such as like the bowing on a
column beneath compression then the wrinkling of a

pebble underneath shear. If a shape is subjected in
imitation of a regularly growing load, then the lay
reaches a vital level, a feature might also change
structure then the shape and factor is pronounced in
conformity with have buckled.[2] Euler's essential
burden then Johnson's parabolic components are aged
in imitation of decide the buckling accent of slender
columns.
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Figure 1.1 — Schematic of Buckling
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Thin steel plates are commonly used as structural
elements in buildings, bridges, towers, aircrafts, etc.
Due to their slenderness, these plates are susceptible
to buckling under shear loading, thus limiting their
capacity. The recent research shows that many
existing models do not represent the true mechanics
of ultimate shear buckling. This project will
investigate and advance the knowledge of shear
buckling response, thus leading to improved
economy, durability, and safety of structures that use
thin plates.
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Figure 1.2 — Schematic of Shear Buckling

Objective of the work

» The main objective of our proposed work is
validation of the shear buckling in channel section
with previous research work.

» To predict shear buckling stability under unity
load.

» To simulate the channel section structure with
different shaped hole profile i.e. circular,
hexagonal, pentagonal, elliptical and rhombus to
analyze stability against shear stress and shear
buckling.

» To analyze reaction force, shear stress, eigen
value/shear force, displacement, shear buckling
coefficient in different profiles of channel section.

IL. LITRATURE REVIEW:

Yuan et al. (2017) This paper presents the numerical
then analytical investigations concerning the
distortional buckling about perforated cold-formed
metal channel-section beams including round holes
within web. The numerical investigation involves the
makes use of about finite issue methods. In the
analytical evaluation the distortional buckling model
recommended among EN1993-1-3 is employed.

Huang et al. (2018) This paper provides a simplified
analytical model for determining the critical stress
about distortional buckling on lipped channel-sections
together with stiffened net committed beside cold-
form metal (CFS). Lipped channel-section along
stiffened web have been shown in accordance with
bear a awesome advantage of resisting regional
buckling then are associated together with the higher

distortional buckling stress, then in contrast according
to the channel-section besides stiffeners.

Yu et al. (2019) This paper presents an analytical
learning of the distortional buckling regarding cold-
formed steel channel-section beams together with
circular holes into the web. Hancock's answer has
been modified in accordance with determine a easy
formula because approximating the vivid critical
power and moment of distortional buckling
concerning the channel-section beams along circular
holes within the web, who are compared along those
from the finite component buckling analysis the usage
of ANSYS.

Zhang et al. (2020) The key obtained test results, such
as the failure loads, the mid-height lateral deflections
at the failing loads, the load—mid-height lateral turn
curves and the abortion modes, have been stated or
mentioned within detail. The pilot programme was
once accompanied through a numerical modelling
programme; finite element models had been promoted
according to make believe the check responses yet
afterward adopted in conformity with operate
parametric studies in accordance with grow further
numerical records concerning press-braked taintless
metal channel part columns above a broad measure of
cross-section dimensions and part effective lengths.

Sevugan et al. (2020) This paper presents the
important points on an empiric yet numerical lesson
over the impact concerning warping about the
flexural-torsional buckling (FTB) custom about
axially loaded cold-formed metal lipped aqueduct
members. Eleven managed experiments about pair
different lipped aqueduct sections are performed
together with simply-supported flexural give up
conditions. A unique scheme about suppression
loading is evolved, who allows the ends of the part in
accordance with warp freely.

Wysmulski et al. [2020] [17] This paper provides
outcomes on instruction investigating the post-
buckling and limit states regarding compressed thin-
walled compound channel-section profiles. Both
experimental or numerical methods had been used.
The fundamental objective over experiments was
once according to determine the post-buckling
characteristics over actual constructions subjected in
accordance with cover over the complete measure on
loading till ultimate failure.

Kolakowski et al. (2020) The paper offers along
nonlinear buckling analysis of thin-walled lip-channel
part beams subjected after coherent bending. The
quick yet medium range beams done concerning steel
and laminates hold been considered. The unique
attention has been paid of interactive buckling along
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local, fundamental yet secondary global-distortional
modes.

Shenggang Fan et al. (2021) The results confirmed so
the nominal yield energy on the corner region was
respecting 40% ~ 60% greater than as concerning the
inlay region, then the tension used to be for sure
decrease than up to expectation between the plate
region. In the bearing potential test, the empirical
phenomena of each form had been illustrated, yet the
development concerning distortional buckling wave of
the compressed flange was once revealed.

III. EXPERIMENTAL PROGRAM:

Steps for the shear buckling analysis

Shear buckling analysis have been carried out by
using ABAQUS/FEM.

1. First of all the model i.e the channel section
structure are modelled using ABAQUS modeling
domain.

2. This model is then proceeded for analysis to the
ABAQUS.

3. Meshing (discreatization) of the solid model
(channel section) is generated by using the
meshing function of the ABAQUS finite element
solver package.

4. Then boundary conditions are applied to the
model and solved for shear buckling modes, shear
stresses and deformation.

5. Shear buckling stress is analyzed in channel
section and plate (Validation model).

Boundary Condition
» Load

A. Load unity is defined.
Simply supported effect is imposed at both the ends
of channel section.
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Figure4.1-Boundarycondition (unity load
definition)

¥

o

Figure 4.2 - Boundary condition (simply support
definition)

» Meshing details
1. Element type -3D solid element

2. Type of mesh - (Quadrahedral mesh)
3. Number of element- 2497

4. Number of nodes- 5057
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Figure 4.3Element type definition in channel
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Figure 4.10 - Flow chart of channel section
(shear buckling) simulation in ABAQUS
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IV. METHODOLOGY:

In this paper the frame work is developed to perform
numerical, studies on channel section. The purpose of
numerical analysis is to analyze the shear stress, eigen
value/shear force, vonmises stress, deformation,
reaction force and shear buckling coefficient (Kv) in
order to maintain the stability of channel section. This
chapter gives details about the methodology adopted
to perform the present research work and the path to
be followed.

Steps to be followed

To achieve the objective of proposed dissertation
work following steps is going to be followed:

» Literature survey and problem identification.

» Study of section of steel (Channel section).
» Selection of working material and section.
>

Study of shear buckling coefficient of channel
section with different hole profiles.

A\

Validation of FEM model through numerically
measured output parameters at unit load in
channel section.

» To simulate shear buckling modes in channel
section to predict shear stresses and deformation.

» Finding the effective optimized design in channel
section.

» Comparison of results and conclusion.

Here the task is to divide the continuum under study

into a number of subdivisions called elements. Based

upon the geometry, the continuum or the system

under study can be divided into a number of elements,

FEA permits to do so:

» If the continuum is a single point it can
discretized using point elements

» If the continuum is 1D it can be discretized using
line elements

» If the continuum is 3D it can be discretized using
area elements

» If the continuum is 3D it can be discetized using
volume elements.

Once the discretization is done, we shall include the
known field/boundary conditions which shall serve as
reference and help us in solving for the unknowns.

Assembling the system equations

Once the reference or known conditions are imposed,
we shall define sets of equations which are suitable to
define the behavior of the system. This involves
formulation of respective characteristic equation
matrices.

Solution for the system equations

Once the equations are set we shall solve the same to
know the unknowns and get insight into system
behavior. That is basically the system of matrices
which are nothing but a set of simultaneous equations
are solved.

V. RESULT AND DISCUSSION

Governing parameters and their effect

From the literature review it is observed that, shear
buckling coefficient of channel section is based on
following input and output parameters.

Figure 5.14 — Vonmises stress for channel section
(Circular hole in web)

The optimized model of channel section with
elliptical hole in web is analyzed with application of
process parameters using ABAQUS/FEM to analyze
the shear buckling coefficient for the structure
modeled in ABAQUS. The shear stress, reaction
force, eigen value/shear force and deformation of the
channel section with elliptical hole of the optimized
model results are represents below.

Simulation results obtained for channel section with
elliptical hole in web using ABAQUS/FEM for
different modes of shear buckling with vonmises
stress, reaction force, shear stress, eigen value/shear
force and deformation are represented below:

Modes of buckling for channel section with elliptical
hole in web.

Hanlde
T

T e g

Figure 5.17 - Mode shape of shear buckling for
channel section (Elliptical hole in web)
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Overall comparison of output parameters for
channel section with circular, elliptical, hexagonal,
pentagonal, rhombus shaped hole in web are
shown below:
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Figure 5.49 — Overall comparison of shear stress
(MPa) with respect to hole diameter.
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Figure 5.54 — Overall comparison of
displacement (mm) with respect to hole diameter

VI. CONCLUSION:

1. The FEM model was developed on ABAQUS
(CAD model domain) and analysis was done by
ABAQUS (structural domain).

2. The prediction of FEM model shows good
relation with previous research work present in
literature [].

3. The internal consistency of the results confirms
the validity of the FEM model.

4. The shear forces are found to be minimum as
increase in hole diameter in channel section
profile at certain limit.

5. The eigen value/shear force is found to be
increased after 20 mm of hole diameter, thus hole
diameter should persist between 20 to 30mm
diameter for optimum resistance against shear
stress.

6. Minimum shear stress is found in channel section
with hexagonal hole profile in web with different
hole diameters.

7. The deformation is predicted less in hexagonal
hole profile as compared to other configurations.

8. Shear buckling coefficient is minimum for
hexagonal hole profile channel section as
compared to other shape hole profiles.

9. Channel section with elliptical and pentagonal
hole profiles also represents good agreement in
shear stress and critical buckling coefficient.

VII. SCOPE FOR FURTHER STUDY

Effect of different material in structure with

channel section can be analyzed for further study.

» Experimental analysis could be performed for
channel section consisting different hole profiles
in web.

» Different positions of hole in channel section can
be used for further analysis of shear buckling.

» Effect of cladding on channel section could be
used further for stabilization against shear
buckling.
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