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Fig. 1. A column with variable section and viscous damper under
alternating axial load
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New results Wang, Wang [2]
P, P B Boundary conditions
N=30 N=20 N=4 r
Linear variations of the moment of inertia

9.372 9.372 11.387 9.372 0.1
8.343 8.343 10.681 8.343 0.3 P-P
7.256 7.256 8.588 7.256 0.5
19.169 19.169 27.750 19.17 0.1
17.035 17.035 23.250 17.03 0.3 C-P
14.740 14.740 18.750 14.74 0.5
37.477 37.477 - - 0.1
33.373 33.373 - - 0.3 Cc-C
28.697 28.697 - - 0.5

0 0 44.78% - - Apax%

Cubic variations of the moment of inertia

8.436 8.436 10.211 8.436 0.1
5.840 5.840 6.799 5.840 0.3 P-P
3.628 3.628 3.937 3.628 0.5
17.252 17.252 23.803 17.252 0.1
11.923 11.923 14.434 11.923 0.3 C.p
7.362 7.362 8.437 7.362 0.5
1.336 1.336 1.387 1.336 0.5
33.729 33.729 - - 0.1
23.941 23.941 - - 0.3 Cc-C
14.349 14.349 - - 0.5

0 0 37.97% - - Apax%

Fourth order variations of the moment of inertia

7.994 7.994 9.650 7.994 0.1
4.836 4.836 5.503 4.836 0.3 P-P
2.467 2.467 2.629 2.467 0.5
16.354 16.354 22.075 16.354 0.1
9.983 9.983 11.596 9.983 0.3 C-pP
5.048 5.048 6.161 5.048 0.5
31.977 31.977 - - 0.1
19.345 19.345 - - 0.3 Cc-C
9.872 9.872 - - 0.5

- - 34.98% - - Apax%

Table 2. Values of dimensionless buckling load for a non-radius column with Linear, Cubic, fourth order variations of moment of inertia for
different boundary conditions
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Fig. 3. The diagram of the changes of the dimensionless dynamic
load coefficient according to the ratio of the excitation frequency
to the natural frequency of the first dimensionless mode
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Fig.4. Variations of the buckling load factor according to the frequency of excitation of a non-prismatic column (P — C) A) linear variations
of the moment of inertia, B) Cubic variations of the moment of inertia, C) Variations of the fourth order of the moment of inertia
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Fig.5. A) Variations of the buckling load factor according to the frequency of non-prismatic column (C-C) excitation A) linear changes in the
moment of inertia, B) Cubic changes in the moment of inertia, C) Fourth-order changes in the moment of inertia
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Fig. 6. Variations of the buckling load according factor to the frequency of a non-prismatic column (P-P) excitation A) linear variations of
the moment of inertia, b) Cubic variations of the moment of inertia, c) Variations of the fourth order of the moment of inertia
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Abstract

The use of members with non-uniform cross-sections due to the reduction of the number of materials and the weight of the
structure is widely used in industrial structures and metal bridges. Buckling is one of the major problems engineers face in the
design of axial compression members (columns). For this reason, several researches have been conducted by researchers in the
field of column buckling. Most of the previous research is limited to investigating stability and buckling in Non-prismatic
elastic columns in the static state. During an earthquake, the structure is subjected to vertical and lateral earthquake loads. To
evaluate the dynamic behavior of the structure during an earthquake, the stability and dynamic buckling of the column must be
evaluated. The effect of the earthquake's vertical load and the dynamic axial load has an effect on the dynamic stability of the
member in the form of the second-order effect of buckling. In this article, the dynamic buckling of a column with a variable
section and viscous damper under alternating axial load is investigated in a comprehensive model. The alternating axial load
effect is assumed as a cosine function and the viscous damping effect at the end of the member is assumed as a Dirac delta
function. The changes in the moment of inertia along the length of the column are considered in three modes: linear, cubic, and
fourth-order changes. The constituent differential equation includes column strain energy, second order effect of alternating
axial load, inertia per unit length of the column, and damping of a viscous damper. To solve the constitutive equation, first the
weak form of the governing differential equation is written. Lagrange interpolation functions are used as the shape function
and the Fourier function (proposed by Bolotin) as the dynamic response of the equation. In the next step, the matrices of
material hardness, geometric hardness, and mass are extracted. After extracting the above matrices, the eigenvalues (Buckling
load factor, natural frequency) of the equation are checked. Muller root finding technique is used by coding in MATLAB
software to calculate eigenvalues. For accuracy in calculations, the function of the form of the equation is checked by the
Lagrange method with the number of thirty terms. Also, finding the roots of the equation to calculate the eigenvalue is done
with a step of 0.05 using Mueller's method. The buckling load coefficient of the column is evaluated for different values of the
expansion coefficient and the damping percentage of the viscous damper in different boundary conditions. The results show
that the mentioned values have a significant effect on the changes in the buckling load factor in terms of excitation frequency
and resonance frequency. Depending on the boundary conditions, increasing the opening factor causes the diagram to move to
the right or left side of the dimensionless excitation frequency axis. Also, increasing the damping coefficient of the viscous
damper causes the diagram to move to the left side of the dimensionless excitation frequency axis. Dimensionless parameters
such as bar coefficient, excitation frequency, and opening coefficient have been used to report the dynamic behavior of the set
in all the tables and figures. The results of this research can be generalized for the design of columns under periodic axial load.
The results of this article are verified and compared with previous research. There is an acceptable agreement between the
results of the present article and previous research.

Keywords: Dynamic Buckling, Dynamic Stability, Buckling Load Factor, Critical Load Capacity, Analysis EigenValue.
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