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Statistical Damage Detection of Structures
Based on Model Reduction

YIN Tao', LAM Heung fai', ZHU Hong ping’
(1. Department of Building and Construction, City University of Hong Kong,
Kowloon , Hong Kong, P.R. China;
2. School of Civil Engineering and Mechanics, Huazhong University of Science and
Techn ology , Wuhan 430074, P.R. China)

Abstract: A statistical damage detection method based on the finite element ( FE) model reduction
technique that utilizes measured modal data with a limited number of sensors is proposed. A deter-
ministic damage detection process was formulated based on the model reduction technique, and then
the probabilistic process was integrated into the deterministic damage detection process using the per-
turbation technique, which results in a statistical structural damage detection method. This is
achieved by deriving the first and second order partial derivatives of uncertan parameters, such as
the elasticity of the damaged member, with respect to the measurement noise, which then allows the
expectation andthe covariance matrix of the uncertain parameters to be calculated. The theoretical de-
velopment of the proposed method is reported. Its numerical verification is proved by using a porta

frame example and Monte Carlo simulation.

Key words: damage detecion; model redudion;, perturbation technique; Monte Carlo simulation



