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1. Introduction

Thin-walled structures are among the critical and vital infrastructures that have been used in various
branches of science. Among the applications of these structures in civil engineering, we can mention the storage
tanks containing fluids, domes, dams, and slabs. When the axial compressive force tends to a limit value, with
the least lateral load, a significant lateral displacement occurs. This axial compressive force is called the critical
load, which is also known as the buckling load.

Most of the columns of the frames do not reach the buckling load at the same time, so the axial force of many
columns in braced frames during buckling of a particular column is different from their own buckling load. The
most common method of determining the critical load of columns is to use the concept of effective length factor.
In this research, an attempt has been made to obtain the critical load of the frames using a new analytical
method. Various research has been conducted on the effective length factor and critical load. Some of the
relevant studies are reviewed in this section.

2. Methodology

First, the slope-deflection equations for steel members with the variable moment of inertia are developed
by considering the effects of axial load induced by dead loads. Next, the equilibrium equations of the gabled
frame are derived, accounting for both unsymmetrical and symmetrical buckling modes. These equations are
then solved numerically using MATLAB to determine the critical buckling load. To validate the accuracy of the
developed formulation, a finite element (FE) simulation is performed in Abaqus. The steel frames are modeled
using two-node Hermitian beam elements (B23), each with three degrees of freedom per node. To represent
the variable moment of inertia in beams and columns, these members are discretized into four segments, each
with a constant moment of inertia. Finally, a linear eigenvalue analysis is conducted in Abaqus to perform the
stability assessment.
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3. Results and discussion

Critical loads of some gabled frames made of steel sections with the variable moment of inertia are obtained
by considering the effect of axial force using the analytical formulation presented in Sections 3 and 4. The effects
of support conditions and fixity factors on the critical load are also investigated. The accuracy of the results
obtained from the presented analytical formulation is examined through comparison with the results of the FE
simulation carried out by Abaqus software. It is observed that the predicted critical load using the present
analytical model is in good agreement with that obtained by Abaqus software. The discrepancy between the
predicted results of the two models is insignificant and it is less than 4%.

4. Conclusions

In most studies conducted on thin-walled sections with a variable moment of inertia, the critical buckling
load has been calculated without considering the effects of axial force due to dead loads. In this study, the
critical loads of gabled frames made of steel sections with the variable moment of inertia have been obtained
by considering the effects of axial forces. Also, the effects of support conditions and the fixity factor of
connections on the critical load have been investigated. The accuracy of the results has been evaluated through
comparison with the results of Abaqus software.

By investigating the effect of axial forces on gabled frames with the variable moment of inertia, the following
results have been obtained:

» By considering the effects of axial force due to dead load, the critical load of the gabled frame is reduced. As
is known, the critical load is used extensively in structural stability analysis. Therefore, structural design
engineers are advised never to ignore the effect of the weight of the structure in frame stability analyses.

» The presence of axial force in the frame reduces the effective length factor of the column. Given its vital role
in structural design, analysis, and stability, reducing the effective length factor is essential.

« As the connection moves towards clamped, the critical load of the gabled frame increases. It was also observed
that the buckling load of the gabled frame increases significantly by increasing the ratio of the span length
to the height.

« In gabled frames, as the fixity factor increases, the critical load of the frame increases. Since the stability of
structures depends largely on the stiffness of the column-to-foundation connection, it is necessary to
consider its effect on the critical load of the structure. Among structural engineers, the column-to-
foundation connection is often modeled as either an ideal clamped or an ideal hinge. However, most
connections behave semi-rigidly in practical conditions. According to the analytical results obtained in this
study, the optimal fixity factor for the column-to-foundation connection is recommended to be between 0.8
and 0.9.
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