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Mass and Hysteretic Force Identification for Structures Based on
Limited Measurement Data

WANG Yun', XU Bin*’

( 1. College of Civil Engineering, Hunan University, Changsha 410082, China;
2. College of Civil Engineering, Huaqgiao University, Xiamen 361021, Fujian China;
3. Key Laboratory for Structural Engineering and Disaster Prevention of Fujian Province,
Huagiao University, Xiamen 361021, Fujian China)

Abstract : Structural hysteretic force can provide a direct description for the initiation and development of structural
damage and can be used for the quantitative structural energy consumption evaluation under dynamic loadings. In this study,
a mass distribution and iterative structural hysteretic force identification approach is proposed. Acceleration responses at part
of the degrees of freedoms (DOFs) of a nonlinear structure with unknown structure mass, stiffness and damping coefficients
are employed for the hysteretic force and mass identification. First of all, the extended Kalman filter (EKF) is employed to
forecast structure displacement, velocity in all DOFs and the unmeasured acceleration responses with the assessed mass
matrix and the partially measured acceleration response. Then, a double Chebyshev polynomial model is employed to
identify the hysteretic force and to update the mass. With the updated mass, the identification approach is repeated until the
convergence criterion is met. Finally, a multi- degree- of- freedom (MDOF) structure equipped with a magnetorheological
(MR) damper is employed to simulate the non-linear components. Based on the approach, the hysteretic force and mass
distribution are identified successfully with partially known noise-polluted acceleration measurements.

Key words : vibration and wave; nonlinear restoring force identification; mass identification; extended Kalman filter;
Chebyshev polynomial model; partial acceleration measurement
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