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Figure 1. Unbraced moment-resisting frame column subjected to the effects of a concentrated mass and inherent
damping
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Table 2. Column Specifications
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Table 3. Dimensionless Natural Frequency Values for a Column with Various Boundary Conditions
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Table 4..Dimensionless Critical Load Values for a Column with Various Boundary Conditions
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Figure 2. Dimensionless Dynamic Load Factor Variation versus the Ratio of Excitation Frequency to the
Dimensionless First Mode Natural Frequency
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Figure 3. Effective Length Variation'Corresponding to Dynamic Buckling versus Excitation Frequency for Columns
(Clamped-Free, Pinned-Pinned, Clamped-Pinned, Clamped-Clamped) without Inherent Damping
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Table 5. Resonance Frequency and Effective Length Values for Columns with Various Boundary Conditions
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Figure 4. Effective Length Variation Corresponding to Dynamic Buckling versus Excitation Frequency for a Column
with Elastic Supports without Inherent Damping
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Table 6. Values of Resonance Frequency, Dimensionless Natural Frequency, Dimensionless Critical Load, and
Effective Length for Columns with Various Boundary Conditions
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Figure 5: a) Variation of the Dimensionless Dynamic Load Factor versus Excitation Frequency for a Column with
Elastic Supports and Inherent Damping,

b) Variation of the Effective Length Corresponding to Dynamic Buckling versus Excitation Frequency for a Column
with Elastic Supports and Inherent Damping
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Table 7. Values of Damping Coefficients a and B, Resonance Frequency, and Changes in Resonance Frequency.
Relative to the Undamped Case for a Column with Elastic Supports and Inherent Damping
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Figure 6: a) Variation of the Dimensionless Dynamic Load Factor versus Excitation Frequency for a Column with
Elastic Supports:and Concentrated Mass (Without Damping),

b) Variation of the Effective Length Corresponding to Dynamic Buckling versus Excitation Frequency for a Column
with Elastic Supports and Concentrated Mass (Without Damping)
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Table 8. Values of the First Natural Frequency, Second Natural Frequency, and Resonance Frequency for a Column
with Elastic Supports and Concentrated Mass (Without Damping)
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Figure 7. A) Variation of the Dimensionless Dynamic Load Factor versus Excitation Frequency for a Column with
Elastic Supports,.Concentrated Mass, and Inherent Damping,

B) Variation of the Effective Length Corresponding to'Dynamic Buckling versus Excitation Frequency for a Column
with Elastic Supports, Concentrated Mass, and Inherent Damping
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Table 10. Sensitivity Indices
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Analysis of Dynamic Stability of Frame Columns under The Effect of
Concentrated Mass and Inherent Damping by Finite Element Method

ABSTRACT

Analysis of stability in columns as the main structural member has a special place in engineering research. In
most ofsthe pastiesearch, generally, researchers have studied the static buckling in columns (prismatic or non-
prismatic) in (building frames or industrial beams). Static load capacity only expresses the static critical load
capacity of members,under gravity load. For the safe design of the structure, it is necessary to check the
dynamiestability of thescolumns in the building frames under the vertical load of an earthquake. In this article,
in a comprehensive model, the combined effect of inherent damping, floor mass and vertical earthquake load
on the dynamic stabidity ofjcolumns in unrestrained moment frames is investigated. In fact, the proposed
method is a combinatien of Julian-Lawrence static modeling and Bolotin dynamic modeling to consider the
dynamic effects in the frame columns based on the finite element method. In the first step, the constitutive
equation is extracted using Hamilton's method. In the next step, the response of the equation is checked using
the finite element methodwith Hermitian three-degree interpolation functions for 50 components. The results
show that the inherent damping, concentrated mass and rotational stiffness of semi-rigid joints have a
significant effect on the resonance frequeney, effective length and dimensionless dynamic load factor. With
the increase in inherent damping, rotational stiffness and concentrated mass, the graph of effective length
changes is shifted to the left side of.the excitation frequency axis. Considering the effects of inherent damping
and concentrated mass in the modeling, 7% _and 81%, respectively, affect the resonance frequency changes.
There is an acceptable agreement between'the results of the present article and previous research.

Keywords: Dynamic Buckling, Dynamic Stability,Effective Length, Critical Load Capacity, Analysis EigenValue
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