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Abstract：A bridge structure may sustain damage either when subjected to severe loading like a 
strong earthquake or when its material deteriorates. Monitoring the structural health of a particular 
structural system involves a damage identification process that comprises detecting, locating, 
identifying type of, and estimating severity of, damage. The aim of this paper attempts to utilize 
frequency response function (FRF) as index in SHM for locating and estimating severity of damage 
to bridge structures. First, a numerical study, based on SAP2000 software, is employed to create 
simulated damage cases including single and multi-site(s) damage scenarios. Following, a novel 
FRF curvature method is developed and applied to locate damage. The simulation and experiment 
results expose that the proposed FRF index can locate damage correctly in single as well as 
multi-site(s) damage acceptably.   

Introduction 
Damage assessment of bridge structural health monitoring [1], can be divided into two parts, one 
for localized non-destructive inspection (Nondestructive testing), mainly refers to the case without 
destroying the subjects of structures, structural components of a single probe wherein the defect, the 
disadvantage is greater when the possibility of damage scope, manpower and time it takes to 
increase the relative and can not do on the structure integrity of the judge, to understand the impact 
on the overall structure damage; the other method as a whole of structural damage assessments, the 
use of pre-erected on the structure of the sensor to measure the dynamic response of a signal 
structure was affected by external disturbance (such as displacement, velocity, acceleration, etc.), 
then the signal using the obtained structure was subjected to damage recognition, comparison 
between different points in time and change parameters or signal response situations, this method 
can not only learn the location and extent of damage to the structure of, and further that the impact 
on the overall structure of the damage. 

Frequency Response Function 
The impulse response function [2] is the system of identifying the relationship of the resulting 
impulse response a function is a description of dynamic behavior of structural systems perturbed at 
the time domain and frequency response function with respect to the frequency domain is in the 
description of the frequency response function and impulse response function is converted to the 
frequency domain through a mathematical formula As a result, it is also a function of the frequency 
response with the dynamic characteristics of the structure of the system. 

Definition 
Suppose the unit pulse function make this system responds, then it is known as the unit impulse 
function; and if when an external force acting in response to any of the produce is called, 
relationship between external force and structural response is as follows [3]: 
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Equations (1) is in the time domain and the structural response to any external force, according to 
the definition of swing points, both sides of Equations (1) take Fourier transform, then 
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The right hand side of Equations (2) is carried out after the Fourier transform, which is the natural 

frequency 
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then, the equation (4) will be organized into 
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Fourier transform for the two right-hand side, the last available following relation 

)()()( ωωω XHY =                                                              (6) 
  And that is the structure of the system frequency response function for this, by Equations (6) can 
be obtained relationship 

)()()( ωωω XYH =                                                             (7) 
  Equations (7) is the basic definition of the frequency response function [4]. 
Index 
Frequency response function of this paper consists of the following steps to establish indicators: 
structural acceleration response of the system by the Fourier transform into the frequency response 
function, the obtained varying degrees of damage to the integrity and the frequency response 
function under the map, then it can be treated as all structure Recognition extent under, then these 
results through substituting formula to form a frequency response function index value, and here the 
formula used to establish the index value is statistically common[5,6], respectively, Mean Absolute 
difference and Mean Square Difference, the formula are as follows: 
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  After the above Equations can be set up through the frequency response function of the index, 
while the index value to obtain a bridge structure of each point of division, the value of these 
indicators will depend staging point order, form a frequency response graph of a function indicators, 
The untreated indicator diagram called "the original frequency response function index map."  

Curvature 
Established using the equation (8) and (9) the original frequency response function indicator 
diagram can not clearly indicate the location of the damaged structures, then certainly in the 
judgment on the extent of damage will be affected, especially in multi-point destruction interaction 
under the influence, will allow the location and extent of the damage will be more difficult to judge, 
but because the index value is usually the point of damage will be greater than the index value on 
both sides of the point is not damaged, so that when viewed from the original index chart, the 
position of the point of failure are the figure most obvious point change in slope, so the use of this 
slope change point, improvements available curvature, curvature is the reference modal curvature 
method (Mode-shape Curvature Method) [7,8], this method was originally used for the floor-modal 
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Establishment and analysis of numerical models 
In order to simplify the structure for analyze, where the use of steel frame bridge with six points as 
a sub-model analysis, force the process to make the steel frame that is only one direction of seismic 
force disturbance, and then measuring the direction of acceleration response signal, different 
structural damage loss of stiffness of each support section places do basis, ignoring the system mass 
and damping effect, as far as possible so that it is similar to a one-way analysis of shear frame, and 
the loss of rigidity of the support section is a way to shorten the column width simulation. 

 
Figure 1 SAP2000 steel bridge modeling              Figure 2 Modal frequency data  

 
Figure 3 steel bridge model acceleration response collection location 

  Bridge structure is made of all-steel, the type of steel for the SAP2000 built of ASTM A992 steel, 
yield strength 3500kgf / cm2, frame appearance and frequency data shown in Figure 1 and Figure 2, 
which is divided into two beams member and post member section, section size beam member of 
30mm x 240mm, beam length of 360mm; and section size column member is 15mm x 240mm, 
column height of 180mm [9]. 
  To identify the overall framework for damage, first of all it gives a certain degree of disturbance, 
followed by measuring the response of the perturbed framework. In the report by seismic forces as 
input acceleration response, seismic force data were Kobe 50gal, Kobe 100gal and El Central 50gal, 
El Central 100gal of four, which applies zero position number position in Figure 3, and then 
measuring acceleration response of each segment points, points were measured in Figure 3 No. 1 to 
No. 6 position, so get to the acceleration response at these numbers and different complete damage 
of the situation, it can be considered to be of preliminary damage identify this system. 

Improved curvature 
The above analysis, the use of the original frequency response function index maps, interaction 

on the location of the damage will lead to other locations to support the index value for each 
segment are large positive. then the curvature of the indicators in the form of a histogram showing 
diagra. Figure 4 is the first place of damage to 15% of the curvature index chart. In the case of the 
destruction of two, Figure 5 for the third place and fifth place at the same time 15 percent of the 
extent of damage to the curvature of the index chart, Figure 6 third place and fourth place also 
damaged 15 percent of the curvature of the index chart, so the curvature of the rear indicator 
diagram also has good results to help determine the location of damage. 
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Figure 4 First place damaged 15% of the curvature indicators 

 
Figure 5 Third and fifth place damaged 15%      Figure 6 Third and fourth place damaged 15%                       

Summary 
According to the numerical analysis of the model, this general use of the frequency response of the 
original index is improved by curvature function established, and found either in the case of 
single-point or multi-point destruction, or damage in the same position of the case, which all will be 
the extent of damage Great, then the index value will be relatively increased property law is 
theoretically possible use of tools such intelligent identification. 
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