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Development of Seismic Damage Assessment Method for Instrumented Large Civil
Structures using Sparse Representation Techniques
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Using various models of sparse representations, the study shows that structural assessment can be

performed using modal & FE based simulation and sparse representation techniques.The methods can be
used for structural evaluation after large earthquake to detect damages in bridge bearings.

Structural identification by sparse representation was developed and tested
using full-scale seismic monitoring data of three bridges. Modal and FE-based structural
identifications were developed according to complexity of structural system. In Tokachi cable-stayed

bridge the sparse time-invariant and time-variant recursive subspace identification methods were
implemented. Friction damping at the movable bearings was quantified by modal-based inverse analysis
and sparse regularization method. In the Katsuta Viaduct, techniques were developed for detecting
bearing malfunction from the seismic response using continuous & discrete wavelet transform.
Evaluation of bearing condition was conducted by statistical sparse machine-learning technique.lIn
the ShinNakagawa FE-based model was developed and compared with monitoring data. Damages related to
isolation bearing were simulated and the results were compared with monitoring from 63 earthquakes
in 2017-2020 using sparse model analysis.
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1. WH7ERAR YD 5

Objectives of the research is to develop structural system identification using
Sparse Representation model with the application for structural assessment of long—
span bridge. The sub—models are data—driven and can be implemented for structural
assessment purpose. Based on these sub—models, pattern recognition and diagnosis
on structural condition will be performed. The developed mathematical models will
be trained, verified, and validated using numerical model of several bridges. For
this purpose, a modal-based and finite—element model of the bridge were developed,
and seismic responses of the bridge will be generated using various scenarios of
earthquakes. The simulated seismic responses will be used as input to train the
model. Several realistic seismic—induced damage scenarios that commonly observed
on the suspension bridge will be utilized to generate structure responses and
validate model. Information of structural responses will be generated using several
sensor arrangements including the current sensor arrangement. Based on these
scenarios the efficacy of model in assessing structural condition will be evaluated

2. OB

Purpose of the research is to develop and implement a structural evaluation system
that can assess structural condition after the event of earthquakes using seismic
responses of the structure. In this study, special focus is given on the evaluation
of bearing conditions of isolated bridges because this structural component was
damaged during the 2011 Tohoku earthquake. The system is developed to provide
systematic evaluation of bridge bearing condition right after the earthquake using
seismic monitoring system.

3. WHED Tk

The research was conducted using various models and verification. In the beginning
for simulation the structural model, analytical model and data—driven model were
developed. Afterwards, for verification, system identification models were
developed and implemented

- For structural modeling the finite—element model of the bridge is
developed. In this case the object bridge was Shin—Nakagawa cable—stayed
bridge. The FE bridge model was developed using ABAQUS software.

— For simulation, analytical models were investigated wusing Sparse
Representation model.

— The models were tested in simulation using modal analysis and inverse by
means of Sparse regularization and clustering analysis using Machine
learning technique

—  For verification, seismic monitoring data from Tokachi bridge, Katsuta
bridge and Shin—Nakagawa bridge are used

4. WRIERCR

Structural system identification by sparse system representation was developed and
carried out using real data from full-scale seismic monitoring of the Tokachi
cable-stayed bridge, Katsuta viaduct and Shin—Nakagawa cable—stayed bridge. The
research employs both modal-based and FE-based structural system identifications
according to the availability and complexity of the structural system.

In the Tokachi Bridge both the sparse time—invariant and time-variant recursive
subspace identification methods were implemented for structural identification of
cable—stayed bridge that is equipped with moveable spherical frictional plate (SFP).
Supplementary damping caused by friction force at the movable SFP bearings was
identified as the main source of the large damping, and it was quantified by a
modal-based inverse analysis using the sparse regularization method. Results of
the analyses confirm the influence of moveable SFP bearings performance with its



Coulomb—friction type stick—slip behavior on the dynamic characteristics of the
bridge. Detailed outcome of this study has been published in reference [1].
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Fig. 1 Tokachi cable-stayed bridge (42.93 N, 143.203E), dimension, and sensors layout. (Inset: moveable

spherical frictional plate (SFP) bearings used at both ends of the girder)
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Fig. 2. Inverse analysis and sparse regularization results of: a identified supplementary stiffness and b
identified supplementary damping caused by friction forces of the movable SFP bearings at the girder ends.

In the Katsuta Viaduct, techniques for detecting bearing malfunction directly
from the seismic response of the bridge using wavelet transform time-varying
identification. The techniques consist of 1) continuous wavelet transform to
identify instantaneous frequency based on which stiffness changes associated
with isolation bearing condition can be traced, and 2) details component of
discrete wavelet transform based on which discontinuity of acceleration
response associated with isolation state can be identified. To facilitate
direct detection based on both CWT and DWT results, classification of bearing
condition was performed using k-means sparse cluster classification method.
The method was tested in FE numerical simulation before implemented on the
bridge. Results of simulation using three—-dimensional finite element model of
continuous multi—span isolated bridge have shown the effectiveness and accuracy
of the proposed technique to characterize behavior of isolation bearing and
detect any changes related to bearing malfunction such as locking phenomenon



directly from seismic record of the bridge without the need of structural model

or reference state. Detailed outcome of this study has been published in
reference [2].
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Fig. 3. Katsuta Highway multi-span viaduct (a) Photos (b) Dimension.
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Fig. 4. Katsuta Highway multi—span viaduct wireless monitoring system.
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Fig. 4. Example of classification of bearing condition on Katsuta Highway multi-span viaduct based on
k-means sparse clustering method of the instantaneous frequencies obtained from CWT of accelerations
(ND values closer to one means moveable bearing, closer to zero means locked bearing). [2]
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Fig. 5. Finite Element model and identified modes of Shin—Nakagawa bridge from seismic response
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Fig. 6. Example of the use of identification for bearing condition assessment of Shin—-Nakagawa bridge
from seismic response

In the Shin—-Nakagawa Bridge an-FE model was also developed in Abaqus for
comparison with monitoring results. Damages related to isolation bearing
implementation were simulated and the results were compared with monitoring
from 63 seismic events in 45 months (2017-2020) using the CWT-DWT and Sparse
model analysis. Girder and the piers/pylon recorded accelerations are utilized
to identify instantaneous frequency associated with isolation bearing condition.
Results of analysis indicate that the seismic isolation bearing has effectively
decoupled the superstructure from the substructure, and this can be detected
from the method developed in this study. The high—frequency filtering effect
can be clearly observed from the seismic records of the girder during the large
earthquakes. Detailed outcome of this study has been published in reference

[3].
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