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ABSTRACT
In the paper, a method of determining the structural damage using the Particle Swarm Optimization (PSO) algorithm is presented. PSO is a famous algorithm for search optimization. The PSO detects damaged structural system members through the frequency change before and after the damage.
Keywords: Damage detection, PSO algorithm.
INTRODUCTION
[bookmark: _GoBack]With the strong development of science and technology, a number of new methods in structural health monitoring (SHM) have developed strongly in recent decades. One of these is to apply an optimal algorithm to predict the damage of the structure[1] [2]. There are many powerful optimization algorithms and some of them are: Ant Colony Optimization (ACO) [3, 4], Artificial Bee Colony (ABC ) [5] , Cuckoo Search (CS) [6], Jaya Algorithm [7], In present work the Particle Swarm Optimization (PSO) [8] algorithm is applied for damage forecasting of the 2-dimensional truss problems.  
PSO algorithm.
PSO is a famous optimization algorithm widely used in almost every field, from economics to engineering, from agriculture to industry, from politics to daily life. Inspired by swarm  intelligence, J. Kennedy and R. Eberhart proposed the PSO algorithm as follows:
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Where: 
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	dth parameter in the location vector of the jth member in the ith iteration

	
:
	dth parameter in the velocity vector of the jth member in the ith iteration

	
:
	The best location of the swarm at current

	
:
	The best location of the member at the current

	
:
	 = 2
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	[0 ,1]

	
:
	The inertia weight base on iteration and calculated as follows (3)
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DAMAGE INDICATOR
As mentioned, we use PSO as an efficient method for searching the location as well as forcasting a severity of structure. Where the objective function (Obj) of the problem is the value of the natural frequency of structure.
	
	

	(4)



[bookmark: _Ref61968589]Figure 1. The flowchart of PSO algorithm for SHM
STEEL FRAME STRUCTURE
A two-dementional truss structure frame system with 3 bars is considered here, shown in Figure 2, and the properties of the truss properties are indicated in Table 1.


[bookmark: _Ref61956174]Figure 2. Truss system
As you know that the dynamics equation as follows:
	
	

	[bookmark: _Ref61958256](5)



: Mass matrix

: Stiffness matrix 

From (5) we can find the frequency  as follows:
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[bookmark: _Ref61958591]Table 1: The properties of truss system
	Ply property
	Mean value

	E - Young modulus –(N/cm2)
	30E6

	A - Area – (cm2)
	2

	ρ - Density – (kg/cm3)
	0.0078



RESULTS  AND DISCUSSION
In this paper, we present a scenario for structural health monitoring is shown in Table 2.
[bookmark: _Ref61959109]Table 2: The Scenario for the damage.
	Damaged Element(s)
	Damage rate %

	Element 1
	0

	Element 2
	0.35

	Element 3
	0.15




[bookmark: _Ref61968594]Figure 3. Convergence of fitness damaged elements 

We can see from the Figure 3, PSO is demonstrated that the convergent of obtained results in the first iterations. Whereas Figure 4 illustrates the damage rate (%) of each member over iterations very accurately compared to the scenario given in Table 2, Figure 5 argures the high accuracy of using PSO to forecast structural health monitoring. 
Element 3
Element 2

[bookmark: _Ref61968928]Figure 4. Convergence of damaged elements 

[bookmark: _Ref61968930]Figure 5. Damaged identification of location and severity.
CONCLUSIONS	
In the study, we present an approach for forecasting damage in structure. PSO is a powerful tool to search the best solution for the vast search space. Therefore, the combination of PSO into the structure will create a superior method to evaluate structural health monitoring. The two-dimensional truss system proves the effectiveness of the present method. 
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