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1- Operational Modal Analysis(OMA) - Output Only Modal
Analysis(OOMA)

2 - Stochastic subspace identification (SSI)

3 - Modal Strain Energy(MSE)

4 - Bayesian Approaches
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5 - Hankel matrix

6 - Extended Observability matrix

7 - reference reversed extended stochastic controllability
matrix
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11- Pseudo-inverse of a matrix
12 - Postprocessing- Modal Analysis
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8 - Reference-Based Covarianc-Drive Stochastic Subspace
9 - Toeplitz matrix
10 - Singular-Value Decomposition
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14 - Normal Modal Strain Energy (NMSE)
15 - Modal Strain Energy Change Ratio (MSECR)
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13 - Modal Strain Energy Method (MSE)
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16 - Genetic Algorithms Optimization
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[ Selection of structure sample and }

finite element modeling in MATLAB

Extraction of K and M matrices of damage } Extraction of K and M

matrices of healthy structure
structure assunung specific failure scenano Y

A

T

Extraction of mode shapes
and frequences of healthy
structure using the
characteristic equation of

Perfornung dynalmc analysis and registering
acceleration cutput 1 degrees of freedom
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Fig. 1. Flowchart of damage detection process
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ABSTRACT

Damage to the structure during operation has always been possible, and therefore the issue of structural health
monitoring (SHM) in order to control and manage safe operation has been considered in recent years. The process of
identifying and extracting the parameters and inherent characteristics of target structural systems in order to monitor
and detect possible damages is possible with different methods under the title of Output Only Modal Analysis
(OOMA).O0MA is defined both in the time domain and in the frequency domain, which is the stochastic subspace
identification method (SSI) among the time domain methods. The stochastic subspace identification method, assuming
the existence of uncertainty in modeling as well as noise in observing and measuring data, identifies the system
parameters by applying statistical relationships to the recorded data of the structure response. Due to the high accuracy
of the covariance-based stochastic subspace method (ssi-cov), which monitors and identifies the system by constructing
the covariance function related to the recorded output data, therefore, this sub-method has been used. Due to the
limitation in the number of sensors that can be installed in real structures, using the reference based stochastic subspace
identification (ssi-cov-ref) method provides the possibility of identifying the investigated structure using the number of
sensors less than the degrees of freedom of the structure. By using this method, there is no need to use the methods of
reducing the degrees of freedom or expanding the modal data for identification The effectiveness of the reference based
stochastic subspace identification method can be presented with a limited number of sensors under several examples. To
identification of the damage in the structure, the method of measuring changes in the modal strain energy of the
members in healthy and damaged state is used, and an index called Modal Strain Energy Change Ratio (MSECR) is
defined and presented. Considering that in case of damage in the structure, the healthy members will also have strain
energy, which is due to the strain effect of the damaged members on the healthy members, Therefore, using the
probabilistic approach, it will be possible to provide an index of the damage probability of structural members under a
specific failure scenario using different information sources based on mode shapes. In the following, using the genetic
algorithm in the form of an optimization problem, the installation location of existing sensors for the target structure is
optimized and presented. In this research, after finite element modeling in MATLAB software and dynamic analysis of
several structural samples assuming white noise input and installing a limited number of sensors in the structure, the
results obtained from the reference based stochastic subspace identification method have been used to identify the
system. In order to detect the location of damage in the investigated structures, the combination of the method of
measuring the modal strain energy changes of the members and the Bayesian strategy has been used, and the efficiency
of the proposed method has been discussed in the framework of the mentioned process. Based on the results obtained
from the output of the proposed process, the affected members will be identified and recognizable.

Keywords: Damage detection, finite element modeling, dynamic analysis, Stochastic Subspace identification method,
modal strain energy
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