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Identification of ground motion time history and structural parameters
based on absolute acceleration observations

HE Jia'?, LI Jingxian'*, ZHANG Xiaoxiong'"
(1. College of Civil Engineering, Hunan University, Changsha 410000, China; 2. Key Laboratory of Wind and
Bridge Engineering of Hunan Province, Changsha 410000, China)

Abstract; In this study, based on the extended Kalman filter (EKF), an approach is proposed for identifying
unknown ground motion time history and structural parameters by using the absolute acceleration measurements.
First, the interfacial force of the lower boundary of the 1st floor is considered as the unknown excitation. The EKF-
based approach is employed for the identification of this unknown excitation and the remaining structural stiffness
parameters. Then, by using Fourier transform, the structural natural frequencies can be obtained from the
acceleration measurements and used for identifying structural stiffness of the 1st floor. Finally, based on these
identified structural parameters, the unknown interfacial force mentioned above is updated and employed for
identifying ground acceleration with the aid of Newmark-8 method. The effectiveness of the proposed approach is
validated via a numerical frame structure and a five-story experimental model under shaking table tests.
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Fig.1 Absolute acceleration responses of the structure under ground motion
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Table 1 Identification results of structural parameters of the numerical model (3% noise)
PUIE R/ %
28 HSH
Kobe El Centro I Kobe I El Centro J¢
k,/(kN/m) 120 116.30 114.80 -3.06 -4.35
ky/ (kN/m) 120 118.50 119.20 -1.26 -0.68
ky/ (kN/m) 120 117.70 120.10 -1.93 0.12
ky/ (kN/m) 120 121.90 120.60 1.62 0.51
ks/(kN/m) 120 119.60 119.70 -0.34 -0.28
&,/ % 3 2.87 3.19 -4.67 6.40
&5/ % 3 2.95 3.09 -1.33 3.09

R2 HEREMSHORARER (5%EH)

Table 2 Identification results of the structural parameters of the numerical model (5% noise)

PUIE R/ %
Kobe I El Centro I Kobe % El Centro ¥
k,/(kN/m) 120 118.64 116.89 -1.13 -4.59
ky/ (kKN/m) 120 116.64 117.21 -2.80 -2.32
ky/(kKN/m) 120 116.34 119.07 -3.05 -0.77
ky/ (KN/m) 120 121.97 120.86 1.65 0.72
ks/(kN/m) 120 119.94 119.75 -0.05 -0.21
£/ % 3 3.23 3.22 7.52 7.36
&5/ % 3 3.16 3.21 5.44 6.85
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Fig.3 Inversion results of unknown seismic acceleration time history
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Table 3 Identification results of the frame

parameters of the structural model

lEES HIME/(KN/m)  RHUE/ (KN/m) R22/ %

ky 265.60 278.12 4.71
£ k, 257.60 246.42 -4.34
!—’ ks 261.90 259.70 -0.84
4 5 EREREHRH G ky 263.90 256.80 -2.69
Fig.4 Shaking table tests of five-story ks 271.30 259.82 -4.23
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Fig.5 Identified stiffness coefficients of the structural model in the lab
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Fig. 6 Identification results of seismic acceleration time history
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