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Abstract 
From the last two decades, lots of research have been done on the non-destructive testing (NDT) and structural health monitoring (SHM) techniques. Though the conventional NDT methods are effective, the complete reliability on them is not Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name  variables and independent variables has been figured out. In this work, the result from the genetic algorithm (GA) and the auto-fitted GA has been compared. From the comparison, it can be clearly noticed that the results from the auto-fitted GA are more convergent and the percentage of error is less. The novelty of this study is the application of hierarchical GA with the statistical bootstrap method for damage detection and its severity measurement.
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1 Introduction
This work depicts about the beam structural damage diagnosis. The dynamic charac​teristics are the significant features which are taken into consideration for the damage Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name Name. 

The typical approach of application of evolutionary algorithm problems of system vibrations is carrying out a series of numerical and analytical model to obtain required Eigen frequencies. The application of evolutionary algorithm for damage detection can c. Various studies have addressed the direct-sensitivity based methods for FE models [4-6]. This research work explains about novel vibration based damage diagnosis method using meta heuristic algorithm coupled with FE method [7].
Meta heuristic optimization methods used for fault diagnosis methods can gener​ally be divided into; gradient based methods and computational intelligence (Artifi​cial Intelligence) methods such as different evolutionary algorithms [8, 9]. Most of these name [10]. In this paper Genetic Algorithm is used for it’s ability to find global solution in the complex search domain with different local minimum points without using many constraints. Further the robustness of the algorithm lies on the multiple points which can be used to find the best solution easily with less computational effort as compared to gradient based methods.
Genetic Algorithms are the natural selection based Artificial Intelligence (AI) technique. This has been extensively used in many engineering fields successfully after its introduction by John Holland in 1975. It has been found from the literature that these name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name [11]. Besides, the parallel solution in searching process make it strong enough not to fall in local minima. Due to the above mentioned advantages, the Genetic Algorithm act more efficiently and effectively [12]. But, it has also been observed that the use of small population may involve uncertainty in the variables. So, to account the problem involved, Boot-Strapping can be used. Boot- Strapping can be used to account the uncertainty of the variables [13]. Boot-Strapping can be used to account the uncertainty of the variables used in a soft computing algorithm or model. This is basically done by resampling (repetition of the process many times on the different samples generated with replacements) for estimation, instead of using complete data to estimate them once [14, 15].
2 Application of Finite Element Method for Getting Dynamic Responses from the Cracked and Uncracked Beams
It is known to all the researchers that all the damage diagnosis problems are non-linear problems and are damped excited vibration paradigm which needs more computa​tional effort. So, name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name crack which makes the cracked problem a linear type. The region around the crack is discretized into a number of elements. The material of the beam is assumed to be homogeneous, elastic, and linear. The crack surface is assumed to be plane and smooth.
For the finite element method frame work, the governing equations of motion for the dynamic behavior of the beam are given below:
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            Fig. 1 Normal face of a circle
mU + cU + Ku = Fext
m—mass of the beam U—acceleration U—velocity u—displacement Fext—external excitation
The presence of the crack divides (Fig.1.) the crack into two parts. Due to the crack formation and propagation, internal energy is dissipated in the form of potential energy. In this case, the form of energy is strain energy. So, the strain energy for the uncracked structure is given below:
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M—bending moment of the beam.
Neglecting the effect of axial force, the additional strain energy can be given as follows:
From the definition of the compliance, the flexibility coefficient for an element without crack is obtained as follows:
Ti—shear force
T2—bending moment
The additional flexibility due to crack is given as follows:
From the flexibility coefficient, the stiffness matrix can be derived. Applying these stiffness matrices, the modal parameters for the cracked and uncracked beam are obtained.
3 Application of Statistical Method in Genetic Algorithm for Damage Diagnosis
Genetic algorithm (GA) is a computer simulation of natural genetics and evolution. name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name name optimized solution for the damage detection. The evolutionary algorithm evolves through the following steps:
1. Genetic selection
2. Genetic crossbreeding
3. Genetic mutation
4. Termination
In general, in the damage diagnostic problems, a set of chromosomes with the genes are created. Here, each chromosome contains five numbers of genes. Each gene is encoded using binary encoding method. Here, each gene is encoded using three binary numbers.
Algorithm of Genetic Algorithm for Damage Diagnosis
The steps of genetic algorithm are as follows:
1. Initial population is created with Name name name (chromo​somes).
2. Then, the individuals Name name name selection process for the evaluation of the individuals. For this step, an objective function has been designed.
3. After finding the best Name name name considered for reproduction using the crossover method. Here a two-point crossover used for crossover.
4. From the crossover Name name name -springs are generated. These off-springs are with other ten numbers of chromosomes. They are evaluated again. Then, the best ten numbers of chromosomes are again added to the population. In this way, the population remains constant.
5. The above process is Name name name of iterations, till the solution remains the same for at least two numbers of iterations.
6. If the above condition prevails, then mutation is opted.
7. For mutation, only 0.1% of Name name name. In this case, flip type of mutation is used. In this type of mutation, the binary numbers used for coding the gene or chromosome are flipped.
8. Finally, the algorithm is Name name name twenty numbers of generations or one minute of time period.
4 Bootstrapping
Resampling is a method of frequently drawing samples from the training dataset. These Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name the accuracy and estimate the uncertainty level in finding out the best global solution.
There many statistical method for executing resampling. Resampling is a method to generate new data points in the data set by arbitrarily choosing data from the existing data sample. The Name name name Name name name Name name name Name name name Name name name Name name name when the sample size is small. Particularly, in the work, the sample or data size is kept small for the smooth running of the genetic algorithm. If the data numbers will increase, the algorithm may stalk in the local solutions.
The most common methods for resampling are the following:
1. Cross-validation
2. Bootstrapping
In this paper, bootstrapping has been used for the resampling of data. Bootstrap​ping is a type of method used to determine the robustness of the model by selecting random numbers of Name name name Name name name Name name name Name name name Name name name. In this method, for each run, some of the data are not considered while some of the data are not repeated, once or more times. By using the replacement technique, it is able to create a new hypothetical sample that can help in the training the estimated values.
The most important steps that are involved in bootstrapping method are given below.
1. The sample size is arbitrarily chosen.
2. Choose an observation from the training data set in random order.
3. Add these observations with sample picked.
The main advantage of bootstrapping is to find out the uncertainty in the data collection, when the sample size is small. This can be used to perform hypothesis tests and compare the distributions. It is widely used in many fields.
5 Results and Discussions
First of all the data samples are created using the direct methods where crack depth and crack location are given and natural frequencies are generated. These data are used to form a sample space. The data are then normalized by comparing the input and output variables of uncracked and cracked beams. Name name name Name name name Name name name Name name name Name name name Name name name Name name name genetic algorithm and with the auto-fitted genetic algorithm (with the use of bootstrapping method) have been compared, and the results are given Tables 1 and 2. The errors have been calculated using the following equations.
Percentage of error = ((data of FEA - data from the given technique)
/(data of FEA)) x 100
(6)
Table 1 Results from genetic algorithm compared with FEA
	Sl.
No.
	nfnf
	nsnf
	ntnf
	ncd
	ncl
	rcd using the GA analysis
	rcl
using the GA analysis
	Percentage error ncd
	Percentage error ncl

	1
	0.9933
	0.9914
	
	
	
	
	
	
	3.85

	2
	
	
	
	
	
	
	
	3.78
	3.78

	3
	
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	
	

	5
	0.9976
	
	
	
	
	
	
	
	3.82


Table 2 Results from auto-fitted genetic algorithm compared with FEA
	Sl.
No.
	nfnf
	nsnf
	ntnf
	ncd
	ncl
	rcd using
auto-fitted
GA
analysis
	rcl using
auto-fitted
GA
analysis
	Percentage error ncd
	Percentage error ncl

	1
	0.9933
	
	
	
	
	
	
	
	

	2
	0.9929
	
	
	
	
	
	
	
	

	3
	0.9944
	
	
	
	
	
	
	
	

	4
	0.9962
	
	
	
	
	
	
	
	

	5
	0.9976
	
	
	
	
	
	
	
	


6 Conclusion
Many load-carrying systems and structure may experience same local damage during their service period. Name name name Name name name Name name name Name name name failure. In order to keep away from sudden failure due to the presence of the crack, it
is desirable to detect cracks before they cause more serious consequences and even​tual system Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name non-linear mapping of various soft computing methods has been conducted. Among these soft computing methods, genetic algorithm attracts attention because it is not necessary to have much data in advance which can be noticed from the results.
Many of the soft computing evolutionary algorithms require the prior knowledge on both modal frequencies and mode shapes. As the genetic algorithm doesn’t require any prior knowledge, this is one of the reasons for getting better results from the genetic algorithm. But genetic algorithm has some short comings in using of data sample. It has been observed that many times when the sample size remains small, due to uncertainty, the efficacy of Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name Name name name compared to the standalone genetic algorithm. The results from genetic algorithm compared with FEA are given in Table 1, and the result is having 3.8% but the error drastically decreases with the use of bootstrapping (given in Table 2) to 2.5% as compared to FEA.
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