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Abstract

In this paper, a scheme for the evaluation of variability in the eigen-modes of functionally graded material(FGM) beams is
proposed within the framework of perturbation—-based stochastic analysis. As a random parameter, the spatially varying elastic
modulus of FGM along the axial direction at the mid-surface of the beam is chosen, and the thru-thickness variation of the elastic
modulus is assumed to follow the original form of exponential variation. In deriving the formulation, the first order Taylor expansion
on the eigen-modes is employed. As an example, a simply supported FGM beam having symmetric elastic modulus with respect to
the mid-surface is chosen. Monte Carlo analysis is also performed to check if the proposed scheme gives reasonable outcomes. From
the analyses it is found that the two schemes give almost identical results of the mean and standard deviation of eigen-modes. With
the propose scheme, the standard deviation shape of respective eigen-modes can be evaluated easily. The deviated mode shape is
found to have one more zero-slope points than the mother modes shapes, irrespective of order of modes. The amount of deviation
from the mean is found to have larger values for the higher modes than the lower modes.
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Fig. 1 Simply supported FGM beam
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Table 1 Comparison of standard deviation between
perturbation and monte carlo analyses(1st mode, d=5.0)

z PM(XEb) MCS(xE5) Error(%)
1 1.964 1.976 -0.645
2 3.732 3.757 -0.664
3 5.131 5.166 -0.692
4 6.026 6.070 -0.730
5 6.336 6.386 -0.783
6 6.039 6.091 -0.860
7 5.175 5.226 -0.978
8 3.851 3.897 -1.181
9 2.277 2.314 -1.592
10 1.227 1.243 -1.309
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Table 2 Comparison of standard deviation between
perturbation and monte carlo analyses
(2nd mode, d=5.0)

x PM(xE5) MCS(xE5) Error(%)
1 4.858 4.879 -0.423
2 8.389 8.426 -0.438
3 9.642 9.687 -0.470
4 8.233 8.278 -0.540
5 4.458 4.493 -0.770
6 2.159 2.174 -0.697
7 7.891 7.929 -0.476
8 13.464 13.545 -0.601
9 17.344 17.473 -0.736
10 18.731 18.901 -0.895
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