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Tab.3 Comparison of RMSE calculation results

Kk RMSE/N
EKF-MF UCKF
1 30.44 12.63
2 25.47 12.50
3 17.43 14.72
4 18.92 12.37
5 23.49 14.31
6 43.24 17.02
7 29.56 15.69
8 18.88 13.98
9 22.21 13.10
10 26.43 12.61
¥IMH 25.61 13.89
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Tab.4 Parameter values of the linear model structure
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Tab.5 Mass identification results of the nonlinear model

s — i/ BLIE R K/ :‘“‘“"“’ \ ‘
(kN.m ') (Nesem ') JT I /kg W2/ %
1 12.56 91.02 72.81 m, 12.53 0.18
2 12.95 89.20 71.57 m, 13.20 1.89
3 12.56 80.87 66.77 ms 13.88 1.46
4 12.26 103.27 82.93 m, 13.21 4.22
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Tab. 6 Identification results of equivalent stiffness and

damping coefficients of the nonlinear structrure
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Nonparametric identification of structural nonlinear restoring force
based on an updated cubature Kalman filter

DU Yi-bang', XU Bin'*, ZHAO Ye', DENG Bai-chuan’
(1.College of Civil Engineering, Huaqiao University, Xiamen 361021, China;
2.Key Laboratory for Intelligent Infrastructure and Monitoring of Fujian Province, Huaqiao University, Xiamen 361021, China;
3.Department of Civil, Structural and Environmental Engineering, University at Buffalo, the State University of
New York, Buffalo, NY 14260, USA)

Abstract: Structural nonlinear behavior under the excitation of strong dynamic loadings should be considered for structural damage
initiation and propagation identification of engineering structures. In this study, a power series polynomial of relative displacement
and velocity is employed to model the nonlinear restoring force (NRF) of a structure in a nonparametric way and structural mass,
stiffness, damping coefficients and NRF are identified based on an updated cubature Kalman filter (UCKF) algorithm using accel-
eration response at limited degrees of freedoms (DOFs) of the structure during dynamic excitation. Then, a multi-degree-of-free-
dom (MDOF) numerical model equipped with a magnetorheological (MR) damper mimicking structural nonlinearity is employed
to validate the proposed approach numerically. By adding 20% measurement noise to the acceleration measurements, the stiffness,
damping coefficients and mass of the structure, the unmeasured response and the NRF are identified. The effectiveness of the pro-
posed method is validated by comparing the theoretical values with the identified values. Moreover, the identification results of the
proposed approach are also compared with them of the approach with the traditional extended Kalman filter (EKF), cubature Kal-
man filter (CKF), and extended Kalman filter with memory fading (EKF-MF). Dynamic test on a four-story shear frame model
with a MR damper is carried out. The structural parameters of the frame structure itself, the unused dynamic response in identifica-
tion and the NRF provided by the MR damper are identified with the proposed approach using acceleration responses at certain
floors. The identified results are compared with the test measurements directly and the performance of the proposed identification

approach is experimentally validated.

Key words: nonlinear restoring force; updated cubature Kalman filter; nonparametric identification; power series polynomial;

magnetorheological damper
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