
1 INTRODUCTION 
SHM is an effective technique for diagnosing the 
structural damage and assessing the condition of 
bridges (Li & Ou 2008). It is a combination of cou-
ples of technique like sensor technique, data mining 
methods, theory of damage diagnosis etc. (Ogilvie et 
al. 1998). With the development in past decades, it is 
gradually carried out for evaluating the structural 
condition of bridges (Sandhu et al. 2001). 

Prestressed concrete bridge takes a huge ratio of 
the total numbers of bridges in China. For this type 
of bridge, some damages like the concrete cracks are 
very common (Lazarevic et al. 2003). In theory, the 
cracks should not be found for the full prestressed 
concrete bridges, but they cannot be avoided for the 
practical bridges due to the construction technique, 
environmental effect and design issues etc. (Ale-
ksandar et al. 2004). Once the occurring of crack, 
the concrete cracks always develop gradually, which 
appears that the width of concrete crack widen with 
the operation of practical bridges (Sohn et al. 1999). 
Therefore, it is important to obtain the change pro-
cess of the width of concrete cracks, which is the 
main point of this study. 

At the end, the sketch of this study is organized 
as follows. Detailed information of the SHM design 
of a practical bridge were introduced in next section. 
The analytical results were analyzed and discussed 
in Section 3. At last, conclusions were drawn. 

2 CONCRETE CRACK MONITORING OF A 
PRACTICAL BRIDGE 

2.1 Brief description of a practical bridge 

A practical bridge that is located at Guangshen 
highway in China is taken as an example in this 
study. The beam of this bridge is prestressed con-
crete hollow slab, and the structural section of this 
bridge is drawn in Fig. 1. 

 

 
 
Figure 1. Section of prestressed concrete hollow slab 
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(b) Right span 
 
Figure 2. Description of concrete cracks of a bridge 

 
During the operation of last two decades, con-

crete cracks became the main damage mode of some 
bridges. Among the main types of concrete cracks, 
we found out that concrete cracks generated along 
the width direction of bridges taken a huge ratio. 
Otherwise, another main part of concrete cracks go 
to the ones occurred along the longitude direction of 
this bridge (Fig. 2). Furthermore, some cracks were 
found out that the width of cracks were bigger than 
the threshold value which was determined from Chi-
nese bridge design code. 

From the point of view of bridge safety, it is im-
portant to monitoring the long-term changing pro-
cess of concrete cracks. Based on this point, a sim-
ple SHM system was designed and implemented by 
the management of this bridge. The width of con-
crete cracks were monitored by using FBG (Fiber 
Bragg Grating) sensors, and the detailed description 
are shown as follows. 

2.2 SHM system of concrete cracks 

For measuring structural strain, some types of sen-
sors could be utilized. In this study, FBG sensor was 
selected as the main way for strain measurements 
because of its long-term durability. 
 
 

 
 
Figure 3. FBG sensor for measuring structural strain 

 
Different characteristics would be shown in the 

type of sensors. Compared with FBG sensor, the 
former two kinds of sensors are relatively cheaper, 
being utilized widely for the structural strain meas-

urement. However, monitoring the long-term varia-
bility of structural strain would be limited by the rel-
ative short-term durability of sensor. While long-
term durability merit has lied in FBG sensors, so the 
long-term variation of structural strain is apt for this 
type of sensor if embedded into the structural interi-
or. Therefore, FBG would be proper for obtaining 
the variability of concrete cracks of a practical 
bridge. 
 

 
 
Figure 4. Set up of FBG sensor 

 
For this bridge, 22 concrete cracks were selected 

for monitoring, including 14 longitudinal cracks and 
8 lateral cracks of bridge. One strain sensor was set 
crossed one normal crack except that two extremely 
long cracks were placed for two strain sensors re-
spectively. The placement of sensors were shown in 
Figure 4 and Figure 5. And the data acquisition sys-
tem of FBG sensor was shown in Figure 6. 
 

 
 
Figure 5. Protection cover of FBG sensor 
 

 
 
Figure 6. Data acquisition system of FBG sensor 
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3 ANALYTICAL RESULTS OF MONITORING 
DATA 
The width variation of each concrete crack was ob-
tained by the direct analysis of the monitored strain. 
Usually, the variation of the wave length of the sen-
sors caused by the coupled actions of temperature 
effects and exterior loads could be calculated as fol-
lows: 

 ε 0 c Td d dT T                       (1) 

Furthermore, Equation (1) could be transformed 
as follows: 
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where 0  = structural strain under exterior loads; 
' = strain coefficient of each sensor;  = measured 

wave length of each sensor; 0 = initial wave length 

of each sensor (determined by the first measure-
ment); '

T = temperature coefficient of each testing 

point (including the effects on the structure and sen-

sors); T = measured wave length of the tempera-

ture sensor; T0 = initial wave length of the tem-

perature sensor (corresponding to the same state of 

0 ); and T = temperature coefficient of each sen-

sor. 
To evaluate the variability of concrete crack, the 

reference point is deemed according to the initial 
strain, and the relative crack width variation is cal-
culated by the difference between monitored strain 
and the reference value. Based on this theory, the 
crack width variation obtained from Oct. 2014 to 
Mar. 2015 were shown from Figure 7 to Figure 12. 
 
 

 
 
Figure 7. Change ratio of width of concrete crack (Oct. 2014) 
 

 
 
Figure 8. Change ratio of width of concrete crack (Nov. 2014) 
 

 

 
 
Figure 9. Change ratio of width of concrete crack (Dec. 2014) 
 

 

 
 
Figure 10. Change ratio of width of concrete crack (Jan. 2015) 
 

 

 
 
Figure 11. Change ratio of width of concrete crack (Feb. 2015) 
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Figure 12. Change ratio of width of concrete crack (Mar. 2015) 

4 CONCLUSIONS 
In this paper, a practical application of SHM tech-
nique to investigate the variability of concrete cracks 
of bridges was carried out. Firstly, the introduction 
was about the detailed monitoring system infor-
mation of a practical bridge. Secondly, the width 
variation of concrete cracks was obtained continu-
ously by FBG sensors. Finally, the sensor monitor-
ing data were analyzed, and the results showed no 
abnormal variation lied in the crack width for the 
half of year' monitoring. From this point of view, the 
bridge condition is safe and stable. 
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