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1. Introduction

Creation the necessary conditions to achieve reliable methods to estimate and detect structural damages of the
main objectives of the research has been done in recent years. Due to the fact that each structure has its own
characteristics, achieving to high reliable methods in the field of civil engineering is faced with a serious challenge
[1, 2]. A number of researchers have proposed several methods based on different parameters and indices. But,
vibration-based damage detection has been significantly developed in the past several decades but it has yet to be
fully realized for large-scale structures and its technology is still developing rapidly [3]. In the vibration-based
damage detection, the most widely used condition indices are modal parameters. In this research, new damage
detection method based on combination optimization problem is introduced. In this study, modal parameters
(Frequency, Frequency Response Function) used to detect and quantify damage with solving the inverse problem of
optimization by particle swarm optimization (PSO) algorithm. Different damage scenarios apply on model and
modal parameters is extracted and insert to the algorithm. According to results of solution the suitable parameter is
introduced. Also, about the algorithm ability to detect damage scenarios discussed.

2. Methodology

2.1. Numirecal modeling

The multi-purpose FEM-based software package, ANSYS and MATLAB was used for the numerical modeling
and analysis. ANSY'S element type PIPE 288 was used to model the legs and braces and SHELL 4 NODE 188 was
used to model the deck. Neglecting the damping of the structure, its dynamic equation can be expressed as:

[M {D}+[S KD}={0} (1)
Where, [M] and [K] are the masses, and stiffness matrices of the jacket respectively.

2.2. Damage formulation

Damage in the present study is considered as reduction in stiffness only, without any change in mass of the
structure. When damage occurs in a structure, the stiffness matrix of the damaged element, donated as [keq], the
stiffness matrix of the damaged structure can be expressed as the sum of damaged element stiffness matrix.

I(ed = (1_,Bi )ke (2)
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2.3. PSO algorithm

Particle Swarm Optimization (PSO) is a population-based stochastic optimization technique developed by
Kennedy and Eberhart (1995) based on the social behavior of bird flocks [4]. PSO for solving problem utilizes a

population (called swarm) of particles in the search space. The particles update status according to the following
equations:

VTt + 21 =wy  [t]+cpn (P [t =X Tt +cory (x P2 [t]- X [t ) @)

C; and C, are personal and social learning factors. ryand r, are random numbers between zero and one.

3. Results and discussion

To evaluate the performance of PSO algorithm for the diagnosis of location and severity of the damage, two
different scenarios apply on the structure. In the first scenario applies damage in two elements, 60% stiffness
reduction in element 1 and 80% in element 13. Fig. 1 shows the performances of PSO for detecting two elements
damage cases using first five frequencies and Fig. 2 shows the performances of PSO for detecting with frequency

response function. Scenario 2 is contains 55% damage in element 1, 45% and 40% in elements 22 and 41
respectively.

100%

805

0%

40%

200

e 0%

1 ; 25% — .

13 ’ actual
element number 78 v JPRO

Fig. 1. Comparison of PSO results with actual damage scenario in frequency based objective function.
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Fig. 2. Comparison of PSO results with actual damage scenario in frequency response function based objective function.

4. Conclusions

A simple but robust methodology is presented here to locate and quantify damages in the structures using
frequency and FRF as input response in PSO algorithm. The algorithm is tested on jacket type structure, with two
different damage scenarios. It is observed that PSO is more reliable in predicting damages. PSO with FRF as input

response shows better accuracy than PSO with frequencies. This is because FRF contains data related to mode shape
in addition to natural frequencies.
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