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Abstract

Project code: RMU 4880021
Project title: The correlations between vibration of in-plane loaded composite
plates and their buckling load

Investigator: ~ Pairod Singhatanadgid Chulalongkorn University
E-mail address: Pairod.S@chula.ac.th
Project period: 2005-2008

Buckling is an important failure mode of thin-walled structures subjected to
compressive loading. Usually, plots of an applied compressive load versus a
deformation parameter such as out-of-plane displacement or in-plane strains have
been employed as a tool to identify the buckling load. In this study, a method utilizing
the vibration correlation technique is introduced as an indirect method to determine a
buckling load of rectangular thin plates. By comparing the governing equations of
buckling and vibration problems, it is theoretically shown that square of the natural
frequency of flexural vibration of plate is linearly varied with the applied in-plane
load. Moreover, the natural frequency approaches zero when the applied compressive
load approaches the buckling load of plate. Due to plate’s imperfections, several
studies showed that out-of-plane displacement is typically observed as soon as the in-
plane compressive load is applied. To avoid the effects of premature out-of-plane
deformation, it is proposed in this study that the buckling load be identified using the
natural frequencies of plates under tensile loading. The buckling load is determined
from an extrapolation of the vibration data to the in-plane load at which square of the
natural frequency approaches zero. An experimental investigation using a custom-
made test frame was conducted to verify the accuracy of the proposed method. A set
of specimens under a uniaxial loading condition was tested for natural frequencies
using an impact test method. Aluminum and stainless steel specimens with CCCC,
CCCF and CFCF boundary conditions were included in the experiment. The measured
buckling load was determined from the plot of the square of a measured natural
frequency versus an in-plane load. The buckling loads from the measured vibration
data match the numerical solutions very well. For specimens with well-defined
boundary conditions, the average percentage difference between buckling loads from
VCT and numerical solutions is -0.18 % with a standard deviation of 5.05 %. In
conclusion, buckling load of rectangular thin plates can be experimentally identified
with acceptable accuracy using the vibration data in the tensile loading region. This
approach is very useful especially for structures with unknown or imperfect boundary
conditions where analytical or numerical solutions to the problem are not available.
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