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ABSTRACT 
 
Evidence of  local or distributed damage in the structural components of a bridge can be achieved by tests which 
have to be planned targeted to the quantification and localization of the damage. In common practice, relative 
displacements between two points are measured by Fibre Bragg Grating (FBG) sensors. The implemented 
monitoring system includes two different kinds of sensors. The first one is able to detect the variations of 
displacement induced by both environmental actions and train crossing events, while the second set tracks the 
variations of temperature. The data are recorded at different time steps, stored in a data-logger, and then sent to 
a PC situated in an Operation Centre. Finally, they are uploaded in a Web page were the enabled users can 
access them by FTP. 
An accurate finite element model (FEM), whose parameters are calibrated on the basis of previously collected 
measurements, is mandatory in view of an effective health diagnosis and prognosis of the bridge.  This paper 
presents the coupled use of SHM schemes and FEM idealization in a railway bridge of span 21m within the 
European network. The bridge was designed and built in pre-stressed concrete. The FEM idealization is first 
used to suggest the sensor location and then as assistant tool for the elaboration of the recorded data. 
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INTRODUCTION  
 
The observation of a structure over time by response measurements toward structural health monitoring (SHM) 
is a damage detector strategy that allows one to determine the current state of system health. Several SHM 
studies have been carried out and private companies or government agencies are involved in an effort to 
implement the use of SHM for existing structures. Accurate measurements of the dynamic response of a 
structure is very important by the application of an appropriate sensor system for damage detection (Wenzel and 
Pichler 2005; Farrar and Worden 2013 among others). The experimental approach is coupled to numerical 
methods in order to select the sensor location and then for the elaboration of the recorded data. 
 
Thus in this manuscript the authors go through their experience in monitoring a short span bridge of the 
European railway network, conscious that the main challenge was to rebuilt the structural situation from the 
collected data. Thus a sort of “trial and error” location plan of the sensor was developed. 
 
THE CASE STUDY 
 

Geometry  
 
Within the European railway network, an existing bridge was replaced by a precast and pre-stressed concrete 
structural solution. The new structure (Figure 1) consists of two independent lanes (labelled as Lane 1 and Lane 
2), each consisting of three independent spans. Geometrically, Lane 1 is 21.6 m long and 4.6 m width. Only 
Lane 1 was equipped by devices in October 2012, period to which the analyzed signals were collected. Figures 2 
and 3 are devoted to the details of the cross section at the supports and at mid-span. 
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Figure 1. Plan of the two main lane 

 

 
Figure 2. Cross section near to the bearing system (measures in meters) 

 

 
Figure 3. Cross section in the middle span (measures in meters) 

 
Architecture of the Monitoring System and Position of the Sensors 
 
The monitoring was conducted during the month of October 2012 by the Czech company Safibra (Safibra 2013).  
The monitoring was only carried out on Lane 1 of the bridge (Figure 2), by placing the sensors in the central 
area of the deck, in correspondence with the two beam lateral, longitudinal surfaces. Four Fibre Bragg Grating 
(FBG) (Inaudi and Vurpillot 1999) sensors (marked as 1, 2, 3 and 4), each of the length of 1 m were employed, 
each couple being placed in the central area of the deck (Figures from 4 to 6).  



 

 

 
Figure 4. Placement of the sensor devices along the deck of Lane 1 (3D view) 

 

 
Figure 5. Placement of the sensor devices along the deck of Lane 1 (lateral view) 

 

 
Figure 6. Placement of the sensor along the deck of Lane 1 (cross section view) 

 
The used equipment consists of: 

• Fibre Bragg Grating Strain Sensor FBGS-01  
• Control unit FBGuad 1550 FAST  



 

DATA ANALYSIS 
 
In the days from October 14, 2012, to October 25, 2012, a monitoring campaign was performed. From the first 
analysis of the data, came out that only during the two days of October 14, 2012, and October 21, 2012, all the 
sensors were working correctly, and recorded useful data for the monitoring purpose. The effects of the train 
crossing (simply called EVENT) on the structure were clearly recorded. An example of the data recorder by 
sensor 2 during a single event is shown in Table 1. 

 
Table 1. Example of the data recorded by sensor 2 during a single event 

 
 
Analysis and study of the event 
 
It is worth noticing that no bit of information was available on the type, composition and weight of the trains 
that were crossing the bridge during the survey. Basically, in view of generating a numerical model, and 
calibrate its parameters on the basis of data obtained from monitoring,  it was  necessary a screening of the data 
in view of a backward identification of the actions associated with EVENT.  This will lead one to estimates of 
the speed of the train, its weight and so on. The following two monitoring days were considered:  

• October 14th October at 16:30:04 -  only sensors 2, 3, 4 were operative (see Figure 7); 
• October 21st at 23:05:15 all the four sensors were operative (see Figure 8). 

 
Event of October 14, 2012 @ 16:30:04 
 
In Figure 7 the reading time histories of the three working sensors are plotted for the event of October, 14 @ 
16:30:04.  From the length of the bridge, the duration of the event and the location of the sensors along the deck, 
as well as from the analysis of the data, one obtains the speed of the crossing train and its length. f the same. The 
main hypothesis is to consider that each peak recorded deformation corresponds to the transit of the wagon axes 
on the sensors.  
 
The analysis of the data shows that the event has a duration of approximately 8.9 seconds. Analyzing the graph, 
it is clear that, from the moment in which the first axis loads the bridge, and that of the first peak of deformation, 
there is a lag of nearly 0.4 seconds. The average speed of the train turns out to be: 10.8m / 0.4s =27 m/s.  To 
derive the distance between the two axes of a single wagon, one focuses on the time that elapses between the 
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first and the second peak of recording (1.0125 sec.). Considering the average speed and the temporal distance 
between the peaks, is obtained a distance between axes equal to: 1.0125s x 27m/s = 27.34m. The length of the 
convoy results to be 218.7 m. 
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Figure 1. Event of October 14, 2012 @ 16:30:04 
 

Event of October 21, 2012 @ 23:05:15 
 
In  Figure 8 the reading time histories of the four sensors are plotted for the event of October, 21 @ 23:05:15.  
In this case one obtains a mean speed of the train of 10.8m /1.2s = 9m/s, a distance between the axes of the 
single wagon of  1.5s x 9 m/s = 13.5m  and a total length of the convoy of 40.5 m. 
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Figure 8. Event of October 21, 2012 @ 23:05:15: recorded time histories 
 
Comments on the Considered Events 
 
A few remarks apply: 

• Sensor 1 detects small axial deformations (about 8 microns for the event on October 21), therefore it is not 
conveniently located. The sign provides evidence of elongation and this means that the neutral axis of the 
section is located above the position of the sensor.  

• Sensors 2 and 4 record significant elongations. Their readings are strictly correlated and in the two events 
the peaks are of 65 and 35 microns, respectively.    

• Sensor 3 detects a contraction, and thus it is located above the neutral axis of the section. The two peaks 
are 35 and 20 microns, respectively.  

 
Evaluation of the Damping Using Recorded Data from Field Survey 
 
By analyzing the tail of the signal (Figure 9) recorded by the sensor 2 during the event on October, 25 @ 09:39 
(different from the one discussed above and obtained late in the evening of the same day), it was possible to 
estimate the damping of the deck for Lane 1: it resulted to be1.8%. In general it was in the range from 1.7 to 3 %. 
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Figure 9. Tail of the event recorded by sensor 2 on October, 25 @ 09:39 
(The mean natural frequency is around 5 Hz) 

  



 

NUMERICAL MODEL  OF THE DECK 
 
A numerical model is built for the deck of  Lane 1 using the general purpose finite element  code  MSC MARC 
Mentat2010 (MSC 2004).  The discretization is given in Figure 10 and special care was paid to the pre-
compression issue. 
 

 
Figure 2. Mesh of the deck for Lane 1 

 
The deck is supported by reinforce neoprene elements (of size 50 by 70 by 18 cm), which are fixed on the other 
side. 
The calibrated mechanical parameters were: 
 

• Concrete 
 EC = 37 GPa; 
 ν = 0.2; 
 γ = 2550 Kg/m3. 
 Behaviour: “elastic-plastic isotropic”. 

• Steel 
 ES = 205 GPa; 
 ν = 0.3; 
 γ = 7850 Kg/m3. 
 Behaviour: “elastic-plastic isotropic”. 

• Neoprene 
 EN = 3.2 MPa; 
 ν = 0.43; 
 γ = 1210 Kg/m3. 
 Behaviour: “elastic-plastic isotropic”. 

The first step of the calibration was conducted on a static test resulting in a middle-span vertical displacement of 
4 mm, measured by an optical  theodolite.  
 
Dynamic Simulation of the Events Recorded on Field 
 
The target of this study is to arrange the numerical model to be consistent with the experimental measures, so 
that anomalies in new incoming measurements can be interpreted by repeated simulation runs.  Since the train 
crossing is the main external excitation, the analyses carried out are all of the dynamic type.  
To introduce the load in the finite element model, in the first place, the suitable sequence of nodes was identified. 
For each rail twelve nodes were considered, distributed over the entire length of the bridge and at variable 



 

distance each from the other (see Figure 11). The load time histories in each node were then assigned on the 
basis of the excitation parameters estimate in the previous section.  

 
Figure 11. Nodes used to load the bridge (measures in meters) 

 
The dynamic analyzes were computing the response along a time window of 20 s  in order to have also 
information on the behavior of the deck after the passage of the convoy. A time step of 0.01 s was adopted.  
 
ANALYSIS AND COMPARISON OF RESULTS 
 
Figure 12 provides the correspondence between nodes and  sensor locations.  

 
Figure 12. ID node vs. ID sensors 

 
At this stage, the authors got a good agreement of the numerical analyses results with the measurements 
collected during the two monitoring days. Special care was paid to the tail fitting so that the deck response is 
well interpreted by the numerical model which is now ready to elaborate future incoming new sensor readings 
and their consistency with the ones already collected. 
 
CONCLUSIONS 
 
An accurate finite element model (FEM), whose parameters are calibrated on the basis of previously collected 
measurements, is mandatory in view of an effective health diagnosis and prognosis of the bridge.  This paper 
presents the coupled use of SHM schemes and FEM idealization in a railway bridge of span 21m within the 
European network. The bridge was designed and built in pre-stressed concrete. The FEM idealization is here just 
calibrated and validated. It can now be used both  to suggest the sensor location and then as an assistant tool for 
the elaboration of the recorded data in view of possible damage detection. 
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