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Hybrid sensitivity matrix for damage identification in
axially functionally graded beams

LIN Xiexing, LU Zhongrong
( Department of Applied Mechanics, Sun Yat-sen University, Guangzhou 510006 ,China)

Abstract: This study aims to develop a sensitivity-based approach to identify the local damages in axially
functionally graded beams. An objective function is established by minimizing the differences between the
calculated and measured natural frequencies, and acceleration responses of the beam. An iterative opti-
mization procedure is conducted by linearizing the objective function based on the penalty function meth-
od. A hybrid sensitivity matrix is constructed and used in the finite element model updating. The advan-
tage of the present method lies in only the first several natural frequencies, and a few number of accelera-
tion responses are needed in the identification. A single span simply supported beam and a multi-span
beam are studied as two numerical examples to illustrate the correctness and efficiency of the proposed
method. Good identified results can be obtained from the short time histories of a few number of measure-
ment points and the first several natural frequencies.
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Fig. 1  An axially functionally graded beam
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Table 1  Properties of beam in the numerical study
Properties Steel Aluminum
E /GPa 210 69
p/(kg-m™) 7 800 2 700
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Fig. 2 Results of multiple damage identification (noise free)

L-curve, Tikh.corner at 8.888

10!
22164
\
\a.3078
8725
e
e 68,1612
= ~435.2426
al 2683427
“632.4344
é 1021 056,443
5 S
(= AN
=
2
=
(=]
wn
1 0’3 L L
107! 10° 10! 10%

Residual norm|| 4 -5l

B3 SR TR 2
Fig. 3 The typical L-curve
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Fig. 4 Results of multiple damage identification

under different noise level
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Table 2 Properties of beam in the numerical study

Properties 7x0, Ti -6A1 -4V
E /GPa 168 105
p/ (kg-m™) 3 000 4 429
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Fig. 5 A continuous axially functionally graded beam
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Fig. 6 Results of multiple damage identification
in a continuous AFG beam
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