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Crack identification based on synthetic artificial intelligent technique

Mun-bo Shim, Myung-won Suh

Key Words: Crack identification(Z 214)), Structure analysis(-T32314), Inverse analysis method
(314 W), Adaptive-Network-based Fuzzy Inference System (Z-5 WlZH A HA
ZFEA] 28l ANFIS), Continuous Evolutionary Algorithm(Z 3} ¢318]5F, CEA)

Abstract

It has been established that a crack has an important effect on the dynamic behavior of a structure.
This effect depends mainly on the location and depth of the crack. To identify the location and depth
of a crack in a structure, a method is presented in this paper which uses synthetic artificial intelligent
technique, that is, Adaptive-Network-based Fuzzy Inference System(ANFIS) solved via hybrid learning
algorithm(the back-propagation gradient descent and the least-squares method) are used to learn the
input(the location and depth of a crack)-output(the structural eigenfrequencies) relation of the structural
system. With this ANFIS and a continuous evolutionary algorithm(CEA), it is possible to formulate the
inverse problem. CEAs based on genetic algorithms work efficiently for continuous search space
optimization problems like a parameter identification problem. With this ANFIS, CEAs are used to
identify the crack location and depth minimizing the difference from the measured frequencies. We
have tried this new idea on a simple beam structure and the results are promising,
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Table 1. Final analysis results

Case (a) Case (b)
Reference Result Ralative Reference Result Ralative
value value  Error(%)  value value Error(%)
a 0.02 0.02 3.8 0.065  0.062 4.3
Ll 0.3 0.3 0.152 1.05 1.058  0.84
fl 11348 113.35 0.11 109.83 11045 0.57
f2 714.46 71423  0.031 69624 697.12 0.12
f3 2007.56 2007.62  0.003 1910.72 1909.97 0.039

‘Table 2. Comparison of Synthetic A.l. technique
to Hybrid neuro-genetic technique

Hybrid

Synthetic A.L .
neuro-genetic

technique .
technique

Back-Prop. NN
290
5.26

ANFIS
290
0.104
50 %3 100,000

CEAs GAs

Mw

9

Training Data
RMSE
Epoch Number

Generation No.
of Optimal Sol.
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