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Difficulties in practical application of vibration-based structural health monitoring (SHM) of structures include
considerable amount of uncertainties in structural modeling and vibration measurement and sensitivity issues of modal
parameters due to local damage in case of large structure. This dissertation proposes an analytical framework for SHM
addressing the aforementioned difficulties by combining two techniques: a Bayesian based probabilistic approach for
finite element model (FE-model) updating that accounts for the underlying uncertainties, and an energy-based damping
evaluation for detecting damage at local level. The proposed vibration-based SHM approach could be promising in
detecting damage at local level when the problem related to low sensitivity of frequencies and mode shapes due to local
damage remains a concern and damage detection by change in stiffness parameters using FE-model updating utilizing
data from a large number of sensors is not practically feasible due to limitation of budget and time.

The first step of the proposed methodology is to develop a baseline model using Bayesian probabilistic approach. For
that an initial FE-model of the studied truss bridge is developed in MATLAB for the ease and faster analysis instead of
linking a finite element analysis package with MATLAB. The structural members are modelled as three-dimensional
frame elements. Six degrees-of-freedom (DOFs) are considered at each joint. In this dissertation, the Bayesian statistical
framework is considered as it is capable of incorporating all types of available information, all types of uncertainties
and incomplete experimental data. Several model updating approaches have been proposed based on identified modal
parameters using Bayesian statistical frameworks. Though these were validated by small scale simulated structures,
practical applications of Bayesian approaches for structural model updating utilizing incomplete identified modal data
sets are yet to be explored. Secondly, so far the Bayesian based model updating approaches proposed in the literature
are based on forming objective function by direct correlating the experimentally identified mode shapes with the

corresponding components of analytical ones. However, relating mode shapes directly to get the optimal values required



proper scaling or normalization of mode shape components as the mass distribution of the FE-model and the actual
structure are usually different, hence, the mode shapes may not be scaled consistently. To address these issues, an
advanced Bayesian statistical framework is proposed in this dissertation by introducing a new objective function and a
realistic parameterization of mass and stiffness matrices. In this framework, the likelihood function for mode shapes is
formulated based on the cosine of the angle between the analytical and measured mode shapes which does not require
any scaling or normalization.

It is evident from practical experiences that different parts of the structure are subjected to different
level of deterioration due to corrosion and fatigue depending on their exposer conditions and dynamic
characteristics. Hence, it is more practical to consider stiffness parameters corresponding to each element
of the FE-model. In this dissertation, a realistic and reasonable parameterization of stiffness matrix is
introduced by considering four stiffness parameters for each element considering both sectional and
material properties. For the parameterization of mass matrix, mass density per unit length of each section
1s considered as uncertain parameter. It is important to note that, the variation of mass is assumed
to be much smaller compared to the stiffness due to local damage. Hence, lesser number of uncertain
parameters are assigned for mass matrix. Basically, the main purpose of the parameterization of mass
matrix was to make the updating results more robust to the modelling errors. The proposed updating
method is validated experimentally by updating a FE-model of existing steel truss bridge. It is found that
the proposed updating framework is efficient enough in updating a FE-model of existing truss bridge
having large discrepancy utilizing experimental data from limited number of sensors only.

After getting the updated FE-model which is supposed to be free from all the underlying uncertainties
mentioned above, the next step is to use that for structural analysis and SHM. In this dissertation,
an energy-based damping model is introduced for practical and effective SHM based on vibration
measurement by estimating the contribution of modal damping ratios from different structural elements
utilizing the data from updated FE-model and the identification results of damping from a small number
of sensors. A previous study reported that the studied bridge with damage at local diagonal member
showed a significant increase in the damping of global vibration mode of the structure. The energy-
based damping evaluation is utilized to identify the cause of the modal damping increase by observing
the change in the contribution from different structural elements on the modal damping ratios. The
results of energy-based damping evaluation implies that substantial change found experimentally in the
damping for the global mode coupled with local vibration of damaged diagonal member is caused by the
significant increase in the equivalent loss factor of damaged diagonal member. This significant increase
in equivalent loss factor of damaged diagonal member for the coupled bending mode is possibly caused
by the significantly large amplitude of damaged diagonal member compared to its healthy state. Here,
the consideration of amplitude-dependent loss factor could be reasonable as the damage discussed in this
paper was due to cracks that could induce significant increase in frictional damping which is expected to
be dependent on the amplitude of vibration. The results also suggests that the elemental modal damping
ratios can be used to detect damage at local level by observing the change in elemental modal damping
ratios of the coupled bending mode identified with a small number of sensors, which could lead to an

effective SHM based on vibration measurement.
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