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Summary 

In this paper, a damage detection technique for flexural structure using strain measurements from 

long-gage fibre Bragg grating (FBG) sensors for structural health monitoring (SHM) was 

developed.  An experimental investigation of flexural beams based on distributed long-gage fibre 

optic sensors was carried out. A method of damage detection for flexural structure from distributed 

dynamic strain measurements was proposed and verified. Furthermore, a parameter study of the 

damage detection index proposed by author by means of analysis of experimental data was 

performed and the possible range for practical utility of the damage detection method was 

confirmed here. The above damage detection technique could be applied to the health monitoring of 

bridge and other flexural structures. 

Keywords: structural health monitoring long-gage fibre Bragg grating sensor damage detection 

technique distributed dynamic strain measurements flexural structures. 

1. Introduction 

Regarding the on-going development of available fiber optic sensing techniques, FBG sensor in 

nature holds the excellent ability to provide a measurement having higher precision and measuring 

stability. A series of lab experiments and theoretical studies for the utilities of distributed long-gage 

FBG sensor system by authors has been performing since 2006. Such works include theoretical and 

experimental studies by Li & Wu [1][2][3] and Yang et al. [4][5], the actual survey for an old 

under-use RC bridge named KAWANE located in Ibaraki Japan from 2008 [6][7]. 

 

On the bases of above studies, a damage detection technique for flexural structure using strain 

measurements from long-gage FBG sensors was developed.  An experimental investigation of 

flexural beams based on a distributed sensing system was carried out. A method of damage 

detection for flexural structure from distributed dynamic strain measurements was proposed and 

verified. Furthermore, a parameter study of the damage detection index proposed by author by 

means of analysis of experimental data was performed and the possible range for practical utility of 

the damage detection method was confirmed here. This damage detection technique could be 

applied to the health monitoring of bridge and other flexural structures. 
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2.  

2.1 -  

The long-gage FBG sensor of which the effective sensing gauge length can be extended to several 

centimeters or meters through special packaging and broadening was developed by authors shown 

in Fig.1 [2][3][4].  It was applied to civil structures as a kind of distributed strain sensing technique 

by connecting a group of long-gage sensors in series shown in Fig.2. 

 
Fig. 1: A packaged long-gage FBG sensor 

 

 
Fig. 2: Distributed long-gage FBG sensing system 

2.2  

-

 

 

-
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Fig. 3: Static method for damage detection 

 

 

2.3  

As we known, the structure mode shape is determined by the nature dynamic feature of a structure 

which will be no change by whatever the loads were in static way or dynamic way and wherever the 

loads were located. If our distributional strain measurement can be described as an evaluation of 

structure modes, the above idea of static damage detection method could be developed into a 

damage detection technique independence from load conditions.

2.3.1 MMSV 

-

-

-

 

m -

-

 Fig. 4: Macro-strain measurements of Beam structure 
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)(mpr H is the macro-strain frequency response function between the measurement from the mth 

long-gage sensor and the excitation at the pth degree of freedom. 

 )(d

lpr H  is the displacement frequency response function between the measurement from the 

position of the lth long-gage sensor and the excitation at the pth degree of freedom. 

lr  is the rth mode shape at the pth degree of freedom.  

The subscript r is assigned to the rth mode. 

mh  is the mth distance from inertia axis.  

The relative ratio of all components of the combination of macro-strain magnitude of frequency 

response functions from all FBG sensors can construct a vector as: 

)3(,,, ,21

T

mrrr  

named by modal macro-strain vector(MMSV). It is verified that the time-series and frequency 

response of the measured macro-strain versus displacement response and the MMSV versus mode 

shape share the same relationships. Therefore, we can use MMSV as an index value of dynamic 

method for damage detection similar to the normalized strain in static method for damage detection. 

2.3.2 The damage detection technique 

 

 

 

A damage detection procedure for structures can be described as follows:  

1) Install a distributional long-gage FBG sensing 

system on a bridge or other flexure structure. 

2) Get time histories of macro strain of each sensor. 

3) Calculate macro-strain magnitude of frequency 

response functions as Fig.5. 

4) Record the MMSV of each sensor for every 

measurement as Fig.6. 

5) Analysis the variation of MMSVs shown in Fig.6 

and give a health diagnosis of the structure. 

 Fig. 6: Damage detection by MMSV 

Fig. 5: Macro-strain magnitude of frequency response functions 
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3.  

 

3.1  

-

Fig. 8: Size of specimen 

Fig. 9: Distributional FBG sensors 

Fig. 7: Section of specimen 
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were recorded and the 

calculation of MMSV for 

each sensor was done in 

every time of measurement. 

According to the analysis of 

the variation of measured 

MMSVs, it is clear that the 

proposed dynamic damage 

detection technique could 

identify the even slight 

defect effectively. 

3.2 Experiment results 

Fig.10 shows the specimens 

with distributed long-gage 

FBG sensors, interrogator 

and a personal computer. The software 

for data processing directly was 

developed and installed in this computer. 

Fig.11 shows the results of damage 

detection by these experiments. There 

are the results of 16 times of two 

specimen beams, in which 8 times are 

for an intact beam and 8 times are for a 

defective beam. The horizontal axis of 

Fig.11 is the number of experiment, 

which the first 8 times from 1 to 8 are 

results of intact beam and the second 8 

times from 9 to 16 are results for 

defective beam, while the vertical axis of 

Fig.11 is the damage identification index 

named Modal Macro Strain Vector 

(MMSV) introduced in above section for 

all five sensors in a specimen.  
 

It is obvious that in case of intact beam the 

MMSVs of each sensor keep almost no 

change and in case of defective beam the 

MMSVs of the sensors near the position of 

crack become abrupt change clearly. It 

provides us a useful and effective method 

to identify the damage of structure which 

is independence from any load conditions. 

It is feasible to apply on damage detection 

of bridge or other flexural structures for 

structure health monitoring. 

Fig. 10: Experimental verification 

Fig. 12: Sensitivity of MMSV for damage detection 
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3.3  

In order to elucidate the possible range for practical utility of proposed damage detection technique, 

some analytical studies 

of experimental results 

were performed. As 

shown in Fig.12, 

sensitivity of MMSV 

for damage detection 

was discussed and 

concluded as follows.  

In case of the test of 

intact beams, the ratio 

of the maximum value 

of MMSVs versus the 

average value of those 

MMSVs are near 

105% that all values 

are less than 110%, 

while in case of the 

test of defective beams, 

the ratio of the 

maximum value of 

MMSVs versus the 

average value of those 

MMSVs are all larger 

than 115%. It means 

that, in practice use of 

this method, if the 

values of MMSVs of 

monitoring results are 

changing within 10%, 

it is probably the 

influence of noise or 

other circumstance 

condition, if the values 

of MMSVs of monitoring results are changing larger than 15%, it should be possibly occurrence of 

some damages of the monitoring structure. 

 

 

  

Table 1: Possible Range of MMSV for Damage Detection 
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4. Conclusions 

The conclusions of this paper could be drawn as follows. 

 

The results of a series of experiments verify the validity of proposed method of dynamic damage 

detection for flexural structure using strain measurements from long-gage fibre Bragg grating (FBG) 

sensors for structural health monitoring (SHM)  

 

Modal Macro Strain Vector (MMSV) of structure can be used as a damage identification index. 

 

Since the values of MMSV change abruptly even when a slight structure damage occur, proposed 

method of dynamic damage detection could identify the damage of structure sensitively and 

effectively. 

 

Because the measured values of MMSV of a frequency even with 10% difference from the structure 

natural frequency could also identify the damage as same accuracy as the exact ones, proposed 

method of dynamic damage detection is a robust one with many superior features, it could be 

widely used in damage identification of bridges and other flexural structures for structure health 

monitoring. 
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