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ABSTRACT

Functionally graded materials (FGMs), a kind of composite materials, were proposed to satisfy the
requirements of thermal barrier materials initially [1-3]. Compared with traditional composites, the
microstructure and mechanical characteristics of FGMs change continuously which make them present
excellent performance in deformation resistance or toughness under extreme mechanical and thermal
loadings [4]. Therefore, FGMs have been paid much attention and experienced rapid developments in the
last decade. Nowadays, various structural components manufactured by FGMs have been used in extensive
applications, such as aerospace, bioengineering, nuclear industries, civil constructions etc. [5-7]

While, FG Euler-Bernoulli beams maybe suffer damage in practical engineering during application.
Therefore, to enhance the safety of structures, study on the damage identification of FG beams is very
significance especially when the damage is small [8]. In recent years, the damage detection methods based
on vibration characteristics have been fully investigated which served as one of the most effective
technologies [9]. Some modal parameters, such as natural frequencies, mode shapes or their combinations
included modal strain energy (MSE), are commonly used [10,11]. Among the mentioned damage indexes,
owing to the highly sensitive to local damage and excellent noise resistance, MSE has been widely adopted
[12-14]. Moreover, it has been demonstrated that the methods based on MSE have satisfactory ability to
identify damage location or extent by many researchers.

In terms of practical engineering, there inevitably exist different degrees of “uncertainties” in terms of model
employed and measured data. As a consequence, there will be a lot of uncertainties in the damage
identification of functional gradient structures which will lead to distortion between the damage
identification results and the real damage, resulting in missing judgment and misjudgment. Therefore,
damage identification methods are very necessary related to a statistical strategy. It is known that statistical
methods can effectively deal with uncertain problems. Currently, researchers have applied it to solve the
problem of structural damage identification of homogeneous beam-like structures [15]. Compared with the
deterministic damage identification method, it can well present the uncertainties in damage identification
which can better solve the impact of these problems on the damage identification results and improve the
reliability of the damage identification results.

Despite the statistic structural damage detection method has successfully used for homogeneous materials,
whether it works well or not for FG Euler-Bernoulli beams is still unknown and study on this topic should
be carried out. In this paper, the statistic structural damage detection of FG Euler-Bernoulli beams based on
element modal strain energy sensitivity is proposed. The modal shape and structural parameters (mainly
stiffness parameters) are taken as random variables. The probabilities of damage in the beam elements can
be obtained by comparing the distributions of the stiffness parameters before and after damage.
Furthermore, the damage probability was used to determine whether the structure was damaged and the
higher probabilities, the more chance of damage occurrence in the element. Results show that with the
increase of damage degree, the damage probability of damage unit increases gradually, and finally tends to
1. The damage probability of most undamaged units gradually decreases, and finally tends to 0.05.
Therefore, the higher the damage degree, the more accurate the damage identification result. With the
continuous increase of noise level, the probability of damage existence of damaged element decreases grad-
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ually, while the probability of damage existence of undamaged element almost remains unchanged.
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