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ABSTRACT

This paper deals with the dynamic stability analysis of clamped—hinged columns with constant
volume. Numerical methods are developed for solving natural frequencies and buckling loads of

such columns, subjected to an axial compressive load. The parabolic taper with the regular polygon
cross—section is considered, whose material volume and column length are always held constant.
Differential equations governing both free vibrations and buckled shapes of such columns are
derived. The Runge—Kutta method is used to integrate the differential equations, and the

Regula—Falsi method is used to determine natural frequencies and buckling loads, respectively.

The numerical methods developed herein for computing natural frequencies and buckling loads are
found to be efficient and robust. From the numerical results, dynamic stability regions, dynamic

optimal shapes and configurations of strongest columns are reported in figures and tables.
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- Regular pentagonal cross—section( z=5)

Stability region Optimal shape Stability region Optimal shape
P @] e @] 2oy | Con P @]t @] ao | Con
0.0 0.000 - 0.572 4.98 0.0 0.000 - 0.572 4.57
0.2 0.106 - 0.636 4.70 0.2 0.119 - 0.646 4.26
0.4 0.172 - 0.690 4.41 0.4 0.191 - 0.708 3.94
0.6 0.226 - 0.736 4,10 0.6 0.257 - 0.760 3.60
0.8 0.281 - 0.778 3.78 0.8 0.324 - 0.807 3.22
1.0 0.339 - 0.815 3.43 1.0 0.395 - 0.848 281
1.3 0.435 1.967 0.866 2.83 1.2 0.483 1.802 0.886 2.32
1.6 0.561 1.586 0.912 2.07 1.4 0.595 1.504 0.921 1.71
1.9 0.799 1.148 0.954 0.76 1.6 0.803 1.142 0.954 0.68
1.946 0.960 0.960 0.960 0.00 1.637 0.960 0.960 0.960 0.00
- Regular rectangular cross—section( = 4) - Circular cross—section{ g=oo)

Stability region Optimal shape Stability region Optimal shape

? @ in (D) | @ 1y O A opt Con g @ min (D) | @ r;nax o A opt C opr
0.0 0.000 - 0.572 4.63 0.0 0.000 - 0.572 453
0.2 0.117 - 0.645 4.33 0.2 0.121 - 0.648 4.22
0.4 0.187 - 0.705 4.02 0.4 0.193 - 0.710 3.89
0.6 0.251 - 0.756 3.68 0.6 0.260 - 0.763 3.55
0.8 0.316 - 0.801 3.32 0.8 0.329 - 0.810 3.17
1.0 0.386 - 0.842 291 1.0 0.404 - 0.851 2.75
1.2 0.467 1.855 0.880 2.45 1.2 0.493 1.772 0.890 2.25
1.4 0.569 1.565 0.914 1.88 1.4 0.612 1.468 0.925 1.61
1.6 0.732 1.247 0.940 1.03 1.6 0.876 1.050 0.958 0.35
1.685 0.960 0.960 0.960 0.00 1.609 0.960 0.960 0.960 0.00
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