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a b s t r a c t

The objective of this paper is to develop an on-line tracking of system parameter

estimation and damage detection techniques using response measurements. To avoid

the singular-value-decomposition in data Hankel matrix, a new subspace identification

algorithm was developed. Seismic response data of a 3-story steel frame with abrupt

change of inter-story stiffness from the shaking table test was used to verify the

proposed recursive subspace identification (RSI) method by using both input and

output measurements. With the implementation of forgetting factor in RSI method the

ability of on-line damage detection of the abrupt change of structural stiffness can be

enhanced. Then, the recursive stochastic subspace identification (RSSI) algorithm is also

developed for continuous structural health monitor of structure by using the output-

only measurements. Verification of the proposed RSSI method by using the white noise

response data of a 2-story reinforced concrete frame from its low level white noise

excitation was used. Discussion of the subspace identification model parameters is also

investigated.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Development of structural diagnostic approaches, in-service monitoring of structures with sensor networks may serve
to evaluate operational health of structures and estimate the remaining service life. Therefore, development of tools for the
automatic identification of modal parameters based on the structural responses during normal operation is fundamental,
as a success of damage detection algorithms depends on the accuracy of the modal parameters estimates. Generally, the
changes of features in a structural system may due to the nonlinear inelastic response of structure or due to the structural
damage subjected to severe external loading. An important objective of structural health monitoring (SHM) for civil
infrastructure is to identify the state of the structure and to detect these changes when it occurred. Most important, it is
essential to create robust routines to run an on-line basis, in order to have the evaluation of the structural health in almost
real-time. It is especially helpful for the rapid assessment of critical infrastructures after the occurrence of natural disaster.

The on-line system identification and damage detection, based on vibration measurements, has received considerable
attention recently. Various system identification and damage detection tools via signal analysis have been proposed in the
literature. In parametric identification method, Kondo and Hamamoto [1] used ARMA model to identify the modal
frequencies and modal shapes of the structure, and to detect the location of damages from changes of the curvature. Safak
[2,3] used ARMAX model with Recursive Prediction Error Model (RPEM) to identify the real structure of linear time-varying
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