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ABSTRACT

Currently, detecting structural failures is considered a highly vital and
essential method in all branches of engineering. This method assists in
improving the quality of life and safety by providing the necessary
conditions to increase the useful life of structures and prevent the
spread of damage. One of the efficient and widely used methods for
detecting failures is to utilize their effects on the dynamic or static
responses of structures. This method can serve as a key indicator for
detecting and analyzing failures and vulnerable points in structures. In
this article, a model updating approach has been employed to detect
and determine possible damaged locations in structures. Additionally, a
new objective function has been proposed to evaluate the extent of
damage based on the combination of residual modal forces and natural
frequencies. This objective function, using equilibrium algorithms,
differential evolution, cluster analysis, and ant colony optimization,
determines the location and severity of existing damages. To assess the
accuracy and validity of the presented theory, two numerical examples
have been conducted, involving two three-dimensional footings with 25
and 72 elements. These examples cover dual and quadruple damage
scenarios in the elements, demonstrating that this theory is capable of
accurately detecting the locations and severity of damages in the
presence of noisy data and effectively contributing to the correction and
improvement of the quality and safety of structures.
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Introduction

Structural health monitoring is an
essential aspect of modern civil engineering,
contributing to the safety, durability, and
longevity of infrastructures. Damage detection
through variations in the dynamic response of
structures is a widely accepted methodology.
This study introduces a model updating
technique incorporating residual force modal
analysis ~ combined  with  optimization
algorithms to identify and quantify damage in
structures.

Methodology

A novel objective function is proposed,
integrating residual modal forces and natural
frequencies. The model updating procedure is
implemented using various metaheuristic
optimization algorithms including Equilibrium
Optimizer (EO), Differential Evolution (DE),
Multi-Swarm Algorithm (MSA), and Ant Lion
Optimizer (ALO). Damage scenarios are
simulated using changes in the modulus of
elasticity in finite element models. The
optimization algorithms aim to minimize the
proposed objective function, effectively
identifying the damage location and severity.

Results and Discussion

Two 3D truss structures consisting of 25
and 72 elements were analyzed under dual and
multiple damage scenarios, both with and

without added noise. The results demonstrate
that the proposed objective function, alongside
the employed algorithms, is highly accurate in
identifying the damage parameters. Among the
algorithms, EO exhibited superior
convergence and precision. Additionally, the
method proved robust in noisy environments,
maintaining high detection accuracy and no
false positives.

Conclusion

The presented approach validates the
efficacy of residual force-based model
updating for structural damage assessment. It
is particularly suitable for noisy environments
and yields highly reliable results. The
integration of modal data into the optimization
framework enhances the capability to detect
and quantify damage with  minimal
computational effort.
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