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ABSTRACT

This study presents a novel finite element model updating approach for
accurate damage identification in moment-resisting frames. The proposed
objective function, which integrates mode shape parameters with natural
frequencies, demonstrates high sensitivity in detecting both the location
and severity of structural damage. To solve the associated optimization
problem, an Improved Manta Ray Foraging Optimization (IMRFO)
algorithm is employed, enhanced with a Tent chaotic map, bidirectional
search strategy, and Lévy flight to address the limitations of the standard
MRFO, such as low convergence accuracy and susceptibility to local
optima. The Tent map ensures a uniform distribution of initial solutions,
the bidirectional search broadens the exploration space, and Lévy flight
enables escape from local optima. IMRFO achieves high accuracy and
robustness in optimizing the objective function across multiple damage
scenarios and noise levels, with an average error below 2% over 20
independent runs, outperforming other algorithms. This framework,
combining the mode shape-based objective function with IMRFO, offers a
precise, robust, and computationally efficient solution for structural
health monitoring.
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Introduction

All man-made structures have a finite
lifespan and are susceptible to various types of
damage throughout their service life.
Therefore, regular inspections and structural
health monitoring (SHM) systems are essential
for identifying damaged areas and preventing
catastrophic failures. Monitoring changes in a
structure’s dynamic parameters is a widely
adopted approach for damage detection. This
study proposes a model updating method that
employs an objective function based on the
structure’s modal parameters, combined with
optimization algorithms, to accurately detect
damage in moment-resisting frames.

Methodology

In this study, after analyzing the
influence of the structure’s modal parameters
on the objective function, a composite
objective function was developed, integrating
natural frequencies, mode shapes, and strain
energy. The moment-resisting frame was
modeled in MATLAB, and a model updating
approach was implemented using the IMRFO,
MRFO, and WOA optimization algorithms.
Under various damage scenarios and noise
levels, the proposed objective function
effectively minimized the discrepancy
between the dynamic parameters of the
damaged  structure and the  model.
Consequently, both the location and severity
of the damage were accurately identified.

Results

20-element moment-resisting frame was
evaluated under multiple damage scenarios
and varying noise levels. The results
demonstrated that incorporating strain energy
into the objective function significantly
improved the accuracy of damage localization,
without erroneously identifying undamaged
elements as damaged Furthermore, the
IMRFO algorithm outperformed the other
algorithms, maintaining high accuracy even
under high-noise conditions, and successfully
identifying both the location and severity of
the damage.

Conclusion

By defining the objective function based
on the structure’s modal parameters and
employing a model updating approach
combined with an efficient optimization
algorithm, reliable results are achieved for
structural damage identification, even under
noisy conditions.
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