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Introduction
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On-line System Identification & Damage Detection under Earthquake Excitation

LI

Automatic SI/RSI on structural 'l
seismic response measurement
RS
Fixed/Enlarged-length moving window
v
Modal Parameters : Frequency / Damping Ratio / Mode Shape
'
Damage Detection
LSSM / EMCM
(1) Build up reference model
(2) Recursively update model
'
Theoretical Verification: Seismic Damage :
> Experimental Study: Shaking Table Tests || Localization

Quantification

» Practical Applications: Structural Seismic
Occurrence of Time

Response Data
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|C Dominant-wave Arrival Detection

Recorded dﬁta length
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Use significant wave arrival indiicator IC(k) = k - log{var(x[1,k])} + (N — k — 1) - log{var(x[k + 1, N])}

Identify the instant of time in between Si and RSI

1 i Reference Model Point
T T i P T I

g A
g
o ; ;
QosfF — Arias Intensity _
T ©  Arias Intensity 5%
£ Information Criteria
§ A |C minimum value
O | | | | | |
0 10 20 30 40 50 60 70

Time(Sec)
Breaking point for SI/RSI

4 National Taiwan University
Department of Civil Engineering




Analysis of Ming-Li Elementary School Building
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Recursive Identification (with/without forgetting factor)

Method 1 (BonaFide RSI): Fixed-length window

Moving time window

deleting one A A
data point 4 A 4 A
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Recursive Identification (with forgetting factor)

appending
one data point

Method 2: Enlarged-length window
Moving time window
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Methodologies on Damage Assessment

Frequency / Mode Shape at each time instant 1s obtained from

RSI-methods...

Two Step Damage Detection Algorithm

» Least Squares Stiffness Method (LSSM)

» Model Updating technique:
Efficient Model Correction Method (EMCM)
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Least Squares Stiffness Method (LSSM)

» Once modal frequencies and mode shapes are identified by RSI-Inversion Least-squares
Oblique, and information of mass is properly assumed... Member stiffness
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Ref: J. M. Caicedo, S.J. Dyke and E. A. Johnson. (2004),
Natural excitation technique and eigensystem realization algorithm for phase | of the IASC-ASCE benchmark problem: simulated data, Journal of Engineering

Mechanics, Vol.130, No.1, p49-60.
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Efficient Model Correction Method (EMCM)

> Input:
(1) Nominal Mass & Stiffness Matrix
(2) Modal Frequencies & Mode Shapes

\ 4

Efficient Model Correction Method
(EMCM)

;P OUols
Updated Mass & Stiffness Matrix

/\

(1) Symmetry of (2) Orthogonality of

'

Constructing the M-orthogonal basis vectors : G matrix

(Gram-Schmidt orthogonalization process for unmeasured mode shapes v, )

6= {gT. = Doy, A 2B
gr =7 ,v =5+ 1, .., Neoral pors
v
Calculating the inverse of transformation matrix : R matrix
Ea e [5(.1{),1 &;(k),z éﬁ(k)s Gs+1 - gotuLDOFs]71
v

Correcting the mass matrix : M"P4* matrix
Mupdate _ (R71)T -M-R1
Pre-correcting the stiffness matrix : K~ matrix

K= (RY)T-K-R1

v

Correcting the stiffness matrix : K" matrix

s

Kupdate = [+ 4 pupdate . [Z D2 — w2) - B By |- MUPIaLE

=1

updated matrices updated matrices
Mupdate — ;];pdate T (pr,update *Mypdate -¢'p,updarea=$ 6;1’
Kupdate = Klrfpdate P update * Kupaate * Ppupdate = {w% . ‘Sr,p
(3) Satisfaction of Eigen-equation
[Model Error = 0]
Kupdate ) ar - 633 ) Mupdate 'ér =0

Ref: K.V. Yuen, “Efficient model correction method with modal measurement,”
Journal of Engineering Mechanics, Vol. 136, No. 1, 91-99 (2010).
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Application to Building/bridge structures using seismic response measurement

Ming-Li elementary school
(Through two stages of retrofitting)
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Ming-Li elementary school

Description of the recorded event

Peak Ground Acceleration
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Check system nonlinearity

Ming Li(Event 4)
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Comparison on the result of identification between RSI-BonaFide & RSI Inversion-Oblique
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Three-direction Model Mono-direction Model
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Analysis of Ming-Li elementary school

Damage assessment of school building (from a series of seismic excitation
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Structural Control Research

(left) steel frame with a light equipment at the first floor on NCREE
shaking table; (right) control setup on equipment.

Fan, Y. C, Leh, C. H., Yang, J. N., ad Lin, P. Y., "Experimental performance evalut of an equipment iolatio uing MR damprs.
Earthquake Engineering & Structural Dynamics, 38(3), 285-305 (2009
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Structural Control Research

Modal Analysis: The Superposition Principle of System

E—"_!"n

Structural System

Courtesy to CSI Knowledge Base Website

Equipment Isolation System

Sliding Mode Control

(1)
Y >
_________ 1
Discrete Wavelet Transformation (DWT)
]
A 4 \ 4
Response of Structural

Equipment, x.

Response, x,

v

Control Force, u,

Control Force, u,
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Structural Control Research

Online Wavelet Transform for Control

_______________________________________

Frequency
L]

WT step using a matrix algorithm (for a particular time window {q})
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Online matrix operation (reconstructed signal after wavelet transform to j-th level)

An index matrix, H, can be introduced to assign which approximations or
details need to be selected for reconstructing time series
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Structural Control Research

(1) Online Wavelet-based Decentralized Sliding Mode Control with Static Output Feedback
(Wavelet-based DSMC-SOF)

(2) Online Wavelet-based Decentralized Sliding Mode Control considering SDOF
Equipment Isolation System (Wavelet-based DSMC-SEIS)

DSMC-WASEIS
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Control Strategies Objective Functions
Best Reduction on Absolute Acceleration of . !
(D . J, =min J, (4)
Equipment

(2) | Best Reduction on Inter-story Drift Ratio of Frames J, =min {max[Ja (1)]} iel~3

(3) Balance on Both Jy= minH [J. (), J, (D] H2 icl~4 |
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Conclusions

6.

. Develop a more effective auto-seismic response monitoring system for the

assessment of structural safety

Implement the current (or updated) algorithm to several seismic building
monitoring.

Study the compensation algorithm on the discontinuity of frequency estimation
using result from RSI, and implement for structural damage assessment using
simplified model.

Wavelet analysis ensure the stability of decentralized SMC.

. Proposed method can control various modes differently and reduce the

response of frame.

It only use very limited feedback and secure feasibility and reliability.
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Thank you for your attention !

Questions ?

National Taiwan University
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