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ABSTRACT: In order to realize the regular damage detection of in-service grid structure, 

timely find the damage of the structure and put forward the early warning, this paper based on 

the genetic algorithm theory, improve the genetic algorithm, set up a numerical analysis model, 

using the damage identification method based on the genetic algorithm damage identification 

research on the structure of the grid. The numerical simulation and experimental analysis show 

that the damage location and degree can be identified effectively by the method of damage 

identification based on genetic algorithm. And through the comparison of three different 

objective functions, it can be seen that the objective function constructed with frequency and 

mode is better and more efficient. The method can also be used to identify the damage of the 

lattice structure with random defects. 
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1 INTRODUCTION 

With the demand of current industrialization 

and production technology, the stress form of grid 

structure will become more complex under the 

action of moving loads such as large cranes. There 

are inevitable differences between the actual grid 

structure and the ideal design model, which can be 

called random defects of the structure. Material 

defects (density, elastic modulus, etc.) in structural 

members;The dimension deviation in the machining 

process of the bar and the geometric deviation of 

the structure shape caused by the component 

installation; The initial eccentricity of the operating 

point of external load; Deviation of structure 

support position and constraint direction [1]. 

The random finite element method can deal with the 

problem of random input of related parameters 

more effectively. Compared with the traditional 

random analysis theory, it has a wider application 

range. Problems that still exist in the practical 

process of stochastic finite element method and 

sensitivity analysis method can be improved by 

effective means. For example, the improved monte-

carlo sampling method can be used to change the 

sampling method and the number of samples in the 

simulation process, so as to improve the 

computational efficiency. Due to the large number 

of bars and nodes in the grid structure, and the fact 

that many initial defects are prone to occur in the 

construction process, it is of low efficiency and 

great randomness to identify the damage of the grid 

structure by visual inspection and traditional 

structural detection methods, so it is of great 

practical significance to study the method of 

identifying the minor damage in the grid structure 

[2]. 

In this paper, effective damage identification of 

truss structure is studied, the influence of random 

defects on modal information of truss structure is 

studied, and damage identification of truss structure 

is studied based on genetic algorithm, so as to put 

forward a reasonable damage identification method. 

2 LITERATURE REVIEW 

In recent years, many scholars have studied the 

application of genetic algorithm in damage 

identification of grid structures. Jie-zhong Huang et 

al. effectively combined genetic algorithm with 

residual force vector method by binary coding 

method, constructed corresponding objective 

function and fitness function by using the modal 

information of the structure, and successfully 

realized the damage location and damage degree 

identification of a derrick structure [3].CUI Jianguo 

et al. improved the genetic algorithm and put 

forward the damage identification factors 

considering different modal information and weight 

coefficients by comprehensively considering the 

errors of structural modal information and the 

influence of environmental noise when using 

genetic algorithm for structural damage 

identification [4].Swathika et al. proposed a 

structural damage identification method based on 

frequency response function and genetic algorithm. 

The element stiffness reduction factor was used as 

the optimization variable, and floating point number 

coding scheme was adopted to complete the damage 
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identification of a truss structure. Genetic algorithm 

is used in damage identification of grid structure in 

the above literatures, but there are still some 

inherent defects [5]. 

Some scholars of improved genetic algorithm, 

such as Andreas on the basis of predecessors' 

research, has realized the data fusion technology 

and the effective combination of genetic algorithm, 

and will damage the structure of the damage 

identification process is divided into the initial 

positioning, accurate location and damage degree to 

identify three stages and finally through the 

numerical simulation show that this method can 

effectively locate the damage location, and also can 

be more precisely, damage degree of structure 

identification and determination to verify the 

superiority and effectiveness of the proposed 

method [6].Stepanov et al. used the improved 

genetic algorithm to study the structural damage 

identification with the residual force vector as the 

objective function, and obtained good recognition 

results and realized the combination of structural 

damage identification and intelligent algorithm [7].  

In this paper, the damage identification method 

based on genetic algorithm is used to study the 

damage identification of grid structure. The 

principle of the damage identification method is 

model modification, that is, the non-destructive 

structure is modified to a certain extent, so that the 

modal information of the modified structure is 

basically consistent with the damage structure, so as 

to realize the identification of the damage location 

and damage degree. 

3 RESEARCH METHODS 

3.1 Improvement of genetic algorithm 

In order to ensure that the calculated result is the 

global optimal value more effectively, the distance 

between individuals can be specified in the 

selection of the initial group. Some scholars put 

forward the concept of generalized hamming 

distance, that is, the number of loci of two 

individuals of the same length obtained by the same 

encoding method is the same, and the generalized 

hamming distance is the number of different genes 

in the corresponding loci. By limiting the minimum 

distance between individuals, the difference 

between individuals in the initial population is 

ensured, the diversity of the population is improved, 

and the global optimal value is obtained. 

Crossover and mutation are two main genetic 

operations. The setting of the corresponding 

parameters will directly affect the population 

diversity and the convergence efficiency of the 

genetic algorithm. By improving the relevant 

parameters and changing the crossover probability 

and mutation probability adaptively according to the 

individual's specific situation, the diversity of 

individuals in the population can be effectively 

maintained and the occurrence of prematurity can 

be prevented. 

For the individuals in a generation of population, 

the individuals whose fitness value is higher than 

the average fitness value of the population should 

be given low crossover and mutation probability to 

maintain their superiority. On the contrary, the PC 

and PM should be improved, so that the individual 

has a greater probability of evolution to the 

direction of optimization. The corresponding 

improved calculation formula can be expressed as: 

  (1) 

 (2) 

Where, PC and PM are crossover probability and 

mutation probability respectively; F 'is the fitness 

value of the individual; Fmax and fmin were the 

maximum and minimum fitness values in the native 

population. Favg is the average fitness value of all 

individuals in this generation. Pc1, pm1, k1, k2 are 

constants, the specific value depends on the 

situation [8]. 

3.2 Parameter statistical characteristics of 

random defects 

In structural analysis, the basic variables 

affecting the stability of the structural system are 

random and uncertain, which can be generally 

divided into model, material and geometric 

uncertainty. Since this paper mainly studies damage 

identification through the processing of structural 

modal information, the influence of random defects 

on structural vibration frequency is mainly studied. 

Here, material and geometric uncertainty are mainly 

selected for analysis. The so-called material and 

geometric uncertainty mainly includes the 

uncertainty of material characteristics, geometric 

size, residual stress and installation location. 

In this paper, the influence of various random 

input parameters on the vibration frequency of grid 

structure is studied, mainly including elastic 

modulus, poisson's ratio, density and cross section 

area of member. The random distribution types of 

each input parameter are discussed below. 

(1) Elastic modulus E 

The elastic modulus has a great influence on 
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the stiffness of the structure, and it will also directly 

affect the vibration frequency and mode of the 

structure, so the accurate selection of the random 

defect distribution form of the elastic modulus is 

very important for the finite element analysis. 

Before that, many experts and scholars have 

conducted in-depth research and comparative 

analysis on the selection of this parameter. Through 

the performance experimental study and numerical 

statistical analysis of the material, the elastic 

modulus of the material is determined to follow a 

normal distribution. The specific parameters are: 

Mean modulus of elasticity: 2.06×1011 N/ 

mm2; Coefficient of variation: 2% ~ 3%; Standard 

deviation: 6.18×109 N/ mm
2
 

(2) Bar section area A 

The accuracy of the cross section area of the 

member is closely related to the processing 

technology of the member. Although the deviation 

range of wall thickness and outer diameter has been 

limited in the relevant specifications, most of these 

parameters will have negative deviation due to 

human factors. Since its influence on the vibration 

frequency of the structure is still unknown, a 

random defect with a normal distribution is set for 

the cross section area of the member. The specific 

parameters are as follows: 

Average cross sectional area: 3.1×10-4 m
2
; 

Coefficient of variation: 1% ~ 2%; Standard 

deviation: 6.2×10-6m
2
 

(3) DENSITY 

Considering the influence of production 

process and production environment, random 

defects are also set up to study the material density. 

The parameter values are as follows: 

Average density: 7850kg/m
3
; Coefficient of 

variation: 2%; Standard deviation: 157kg/ m
3
 

(4) Poisson's ratio of NUXY 

The defect distribution of poisson's ratio 

follows a normal distribution, and the parameter 

values are as follows: 

Mean poisson's ratio: 0.3 coefficient of 

variation: 3% standard deviation: 9×10−3 

The sample mean curve of the output variable 

FREQ1 is shown in figure 1, and the average 

vibration frequency of the structure is 7.3628. It can 

be seen from the figure that the curve is relatively 

stable and the simulation results have tended to 

converge, indicating that the sampling times have 

been enough to ignore the influence of non-

convergence on the simulation results due to the 

small sampling times. 

 
Figure. 1 mean history curve of structural vibration frequency 

 

4 EXPERIMENTAL RESULTS AND 

ANALYSIS 

4.1 Sampling results 

The force hammer is used to exert a certain 

excitation on the structure, and the acceleration 

response signal of each measuring point can be 

obtained through the acceleration sensor and data 

acquisition instrument, so that the time-acceleration 

curve of each measuring point can be drawn. 

4.2 DASP software output results 

The mode analysis module in DASP software 

can carry out fast Fourier transform, transform the 

time domain signal into the frequency response 

function, and then calculate the transfer function 

through ERA method, and finally output the 

analysis result containing each mode parameter. The 

software can also verify the modal results by the 

mode shape correlation MAC matrix. The smaller 

the off-diagonal element of the mode confidence 

matrix is, the better the mode independence of each 

order is and the higher the accuracy of the mode 
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shape is. Suppose the modal confidence matrix 

MAC =(macij), then the MAC element macij is 

defined as follows: 

          (3) 

Type,ϕ i and ϕ j j is the first I order structure 

respectively, and the order calculation modes by a 

sensor in the n values for the degrees of 

freedom.The first 5 frequencies of the structure 

under each working condition output by DASP 

software are shown in table 1. By table, two bar 

damage in full, the structure of the first two order 

frequencies decreased significantly, while the 

experimental modal value and the value of the 

calculating modal has certain difference, but the 

confidence value were over 98.43%, therefore the 

DASP software through modal analysis of the 

information is valid and can be used in the genetic 

algorithm for structural damage identification [10]. 

Table 1  First five order frequencies of structure 

Frequency Nondestructive 

condition 

Number 34 

Complete injury 

Number 34 and 35 

Complete injury 

First order 7.3653 6.0681 2.3109 

Second order 10.270 9.0122 8.8898 

Third order 25.336 21.591 21.194 

Fourth order 30.811 26.076 27.400 

Fifth order 41.374 36.076 36.930 

 

Because the information error of the high order 

mode of the structure is large, only the first three 

order mode information of the structure is used for 

damage identification. The modal modes of the grid 

structure are the displacement in the X, Y and Z 

directions. Since the displacement of the structure is 

small along the X direction, only the information of 

the first mode of the structure in the Y and Z 

directions is listed here. The first mode modes of 

the structure under the second and third working 

conditions are shown in table 2 and table 3 

respectively. As can be seen from the table, the 

amplitude of node no. 53 is the largest. When the 

force hammer is used to excite the structure, it is 

optimal to select node 53 as the excitation point. 

The preparation of Go by Hummer method 

includes low-temperature reaction stage, medium 

temperature reaction stage and high-temperature 

reaction stage. Potassium permanganate and sodium 

nitrate are used as oxidants and sulfuric acid as 

intercalators. First, the graphite and sodium nitrate 

is stirred evenly in the magneton agitator in the 

concentrated sulfuric acid in the ice bath, and 

potassium permanganate is added slowly and at a 

low temperature. It is transferred to the medium-

temperature reaction stage, i.e., the reaction at 35°C 

for 30min. Then it is transferred to the high-

temperature reaction stage, that is, deionized water 

is slowly dropped and the reaction continued for 

30min at 95°C. Then 2-3ml of hydrogen peroxide is 

dropped into the solution, which turns a bright 

yellow color. Finally, the solution is cleaned with 

deionized water and hydrochloric acid 2-3 times. 

The product is separated in a centrifuge and blew 

dry to obtain Go. Figure 1 is the flow chart of Go 

preparation by the Hummer method. 

Table 2  First-order modal information of structure under condition Ⅱ 

Node Uy Uz Node Uy Uz Node Uy Uz 

1 -3.61E-02 1.39E-02 11 0 0 51 0.1357 -8.41E-02 

2 -3.60E-02 1.11E-03 12 -3.98E-02 -1.76E-02 52 9.67E-02 4.84E-02 

3 -2.94E-02 5.66E-03 13 0 0 53 0.21536 1.32E-01 

4 -2.95E-02 -4.63E-03 14 -1.79E-02 8.79E-03 54 5.14E-02 -2.09E-02 

5 -3.61E-02 -1.29E-02 15 -1.78E-02 8.18E-05 55 5.12E-02 -3.19E-03 

6 -3.29E-02 1.29E-02 16 -1.79E-02 -8.80E-03 56 5.13E-02 1.39E-02 

7 -3.65E-02 1.44E-02 17 -3.00E-02 2.26E-02 57 5.13E-02 -2.04E-02 
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8 -3.35E-02 -1.27E-02 18 -3.00E-02 -2.32E-02 58 6.02E-02 2.40E-02 

9 -3.82E-02 -1.51E-02 19 -8.22E-02 4.33E-02 59 0 0 

10 -3.83E-02 1.71E-02 20 -8.53E-02 -4.55E-02 60 0 0 

 

Table 3  First-order modal information of structure under condition Ⅲ 

Node Uy Uz Node Uy Uz Node Uy Uz 

1 3.54E-02 1.19E-02 11 0 0 51 0.13636 -8.08E-02 

2 3.55E-02 -3.91E-03 12 -3.95E-02 -2.13E-02 52 0.13472 7.05E-02 

3 -2.98E-02 1.42E-03 13 0 0 53 0.24767 0.10664 

4 -2.96E-02 -9.17E-03 14 -1.78E-02 8.44E-03 54 5.34E-02 -2.21E-02 

5 -3.57E-02 -1.46E-02 15 -1.79E-02 -4.27E-03 55 5.32E-02 -6.65E-03 

6 -3.54E-02 1.22E-02 16 -1.79E-02 -1.54E-02 56 5.30E-02 1.40E-02 

7 -3.80E-02 1.52E-02 17 -3.48E-02 2.80E-02 57 5.28E-02 -2.12E-02 

8 -3.33E-02 -1.67E-02 18 -3.16E-02 -3.11E-02 58 6.23E-02 2.49E-02 

9 -3.57E-02 -1.43E-02 19 -0.10127 5.46E-02 59 0 0 

10 -4.55E-02 1.93E-02 20 -8.51E-02 -5.26E-02 60 0 0 

 

 

4.3 Structural damage identification 

Working condition of first two damage 

identification, can read the above information is 

kept in ANSYS. RST file, combined with the 

genetic algorithm for damage identification of space 

truss structure, still adopt comprehensive structure 

using frequency and vibration mode of the objective 

function, genetic algorithm and the corresponding 

parameter value is set as follows: k2 set to 0.75 in 

the crossover probability, mutation probability of k4 

set is 0.4;If the population size is set to 70, the 

search efficiency can be guaranteed while searching 

for the optimal results.By setting the termination 

evolution algebra of the genetic algorithm to 200, 

the evolution curves of the optimal target value and 

the average target value of the population can be 

obtained. 

It can be seen from the curve that the 153rd 

generation of the simulation process has completed 

the convergence of the optimal value, and the 

optimal target value is 0.0069.In addition, the 

damage identification analysis results can obtain the 

damage identification value no.Thirty-four people 

accounted for 99.31%. 

It can be seen that，obvious damage was 

identified in no. 34 member, but there was also 

gender misidentification in other members. The 

identification error of no. 160 member was the 

largest, up to 21.83%. 
Next, the damage identification analysis was 

carried out in condition three, and the relevant 

parameters of genetic algorithm were set as in 

condition two. The population size was set to 80 to 

improve the search space and number of each 

generation. The results show that the final 

convergence is completed in the 172nd generation, 

and the optimal target value is 0.0509.The analysis 

results of some rods are listed here. From the damage 

identification results, it can be seen that the damage 

identification value is.Thirty-four members account 

for 98.22%, while no.35 is 99.43%,obvious damage 

was identified in no. 34 and no. 

5 CONCLUSION 

In this paper, the influence of random defects on 

the modal information of grid structure was studied, 

and the damage identification of grid structure was 

studied based on genetic algorithm. The 

effectiveness and applicability of the damage 

identification method based on genetic algorithm 

were verified through numerical simulation and 

experimental analysis, and the following 

conclusions were mainly obtained: 

(1) The bar damage in the experimental process 

is realized by truncating the bar, and the 

identification of the complete damage of the bar is 

studied. The experimental results show that the 

optimal convergence is achieved in the 153rd 

generation, the optimal target value is 0.0069, and 

the damage identification value of no. 34 member is 

99.31%. Therefore, it is proved that the damage 
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identification method based on genetic algorithm 

can effectively identify the single and multiple 

damage of members. 

(2) Through the experimental analysis, it can be 

found that there will be some misidentification in 

the identification results, among which the 

identification error of no. 160 nondestructive 

member is the largest, but it only reaches 21.83%. 

The first reason is the error of signal acquisition. 

Although DASP software can filter the 

environmental noise to a certain extent, it still does 

not exclude the influence of some noises. Second, 

the experimental mode information is much 

different from the calculated mode information, 

especially the mode information, which directly 

affects the input of the test value of the objective 

function and leads to the error. 

(3) Based on the above conclusions, the location 

and degree of damage can be effectively identified 

by the method of damage identification based on 

genetic algorithm. And through the comparison of 

three different objective functions, it can be seen 

that the objective function constructed with 

frequency and mode is better and more efficient. 

The method can also be used to identify the damage 

of the lattice structure with random defects. 
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