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The aim and objective >

» This study aims to build a simple, effective assessment tool for structural health
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monitoring using flexibility method. F = (ZHE.@.@TJ —A=F = &; =max|A, |

» The objective of the study is a steel plate. Changes in modal properties are caused by

real cuts instead of stiffness reduction assumption.

» Numerical studies are used to assess the effectiveness of this tool.

« Several damage scenarios with severity from 1% to 40% with an interval of 1%
are used for training, test.

« Two extra scenarios with damage severity at 17.24% and 34.76% are used for
verification.

Damage position

Two cuts, severitfy 34.76%
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Methodology >

Hybrid Particle Swarm Optimization and Gravitational Search Algorithm (PSOGSA)

Inspirations —
Generate intial,

random population

l

Evaluate the fitness | | Identify gBest, worst, G
4 J » 4 T .i for all agents for the population
7 ¢ ‘ l
Compute M, m, F, a
} > \e No for all agents
& l
Local search capability Social thinking Stopping |_ Update velocity, position
criteria? for all agents
. Yes
+ T the exploration of PSO
+ T the exploitation of GSA The best solution

Flowchart of PSOGSA



Methodology
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Results

>

The best MSE for training samples

1. Sensitivity analysis of hyper-parameters for FNN and PSOGSA
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Number of
] SSE x10-2 | MSE x10+4
hidden nodes (S)
5 1.15 2.89
15 1.07 2.67
25 0.807 2.02
35 0.687 1.72

Average | The best Average | The best
Value VISE VISE Std MSE Value MSE MSE Std MSE
Population = 20 | 3.02x10 | 1.38x 10 | 4.99x 10 °c=°§=01-5 ;-2gxlg"5‘ g-g;xlgi 2-1138*18'2
P ) 9 - C.=C= .60x10" .53x10- 19x%10-
Populat.lon 30 1.77><1O_4 1.60><10_4 1.94><10_5 c=c.=1.5 | 1.05x10% | 6.46x105 |1.08x10
Population =50 | 5.43x10° | 4.89x10° | 4.73x10° | | ¢ =0.5¢c_=1.5| 1.32x10“ | 5.46x105 |1.30x10*
Population =60 | 1.66x104 | 4.72x10-5 | 3.29x104| |[c.=1.5¢.=0.5| 2.10x10# | 1.58x10# |7.37x10°

- Choosing hyper-parameters: Hidden nodes S = 35, population =50, c,=1 and c,=1




Results >

2. Damage quantification

Comparison of damage severity estimated by
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Conclusions >

» The stochastic-based approach, FNNPSOGSA obtains superior results of
damage quantification than that of the conventional ANN. Discrepancies in
severity between target and estimation are -0.06% and 0.9% compared with -
1.88% and 1.02% deriving from ANN.

» The proposed approach can generate a link between damage index and
corresponding severity that can not observe if only damage index used.

» The accuracy and simple implementation of FNNPSOGSA confirm that it can

serve as a potential assessment tool for real structures.

Further work: noise and experimental data should be used to verify the reliability
and effectiveness of this approach.
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