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ABSTRACT: All engineering structures such as bridges, dams or larger buildings are subjected 
to deterioration over time. Based on the need to ensure the structures’ reliability and usability 
their performance and condition has to be monitored continuously or at least checked 
periodically. Over time many different types of sensors have been developed targeted at varying 
task and demands. A rather new technology which is obviously perfectly suited for monitoring 
purposes are fibre-optic sensors (FOS). In course of this paper a short theoretical introduction to 
fibre-optic sensors will be given including benefits, demands and limitations. After that a three-
span jointless bridge will be introduced, which is currently being built. For this structure a 
specially tailored monitoring concept will be presented, its properties discussed and finally first 
measurements regarding structural response during the construction phase evaluated. In addition 
an experimental setup for investigating the long-term stability of FOS is presented. 

1 INTRODUCTION 

In recent years the application of structural health monitoring (SHM) systems to bridges has 
increased enormously (Frangopol et al. 2007, Strauss et al. 2007, Reiterer et al. 2008). Decisions 
for the application of a SHM system depend on the bridge type and on the bridge parameters of 
interest (deflections, strains, stresses, temperature, pressure, etc). For example: The 
documentation of changing stress levels during the operation phase of the bridge allows a 
realistic investigation of fatigue. The preferred time of application depends also on the bridge 
type and on the parameters of interest. In order to prevent damages of the monitoring system in 
case of steel bridges the application is in most cases performed after finishing of the bridge. In 
some cases the monitoring system is applied during the construction phase of bridges, e.g. 
concrete bridges. The advantage of early application is the documentation of e.g. stress or strain 
history. 

A very new sensor technology, the fibre-optic sensors (FOS), has now entered the field of 
engineering structures. The advantage of the FOS is their applicability into concrete structures 
as well as their robustness and long-term stability. In case of concrete bridges the application of 
FOS takes place before concreting. The sensors are fixed to the reinforcement. 

In this paper the early application of strain and temperature FOS to a 3-span jointless bridge, the 
Marktwasser Bridge in Austria, is presented. The sensors are installed before concreting to the 
upper and lower reinforcement of the concrete bridge deck plate, in order to get realistic data 
about the bridge strain state during the state of construction and in the bridge operation phase, 
which will be used to verify current design criteria. Together with numerical simulations the 
obtained data will serve for the development of a new Austrian guideline for jointless bridges. 
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2 APPLICATION OF FIBRE-OPTIC MONITORING SYSTEMS 

2.1 Structure Marktwasserbridge S33.24 

In course of the erection of a new Danube-crossing in Austria several smaller foreshore bridges 
are being built as well. Since the jointless design provides several advantages over the classical 
design – mainly the lack of bearings and expansion joints – the building-owner decided to 
explore the opportunities this design holds and commissioned one such design.  

Marktwasser bridge actually consists of two similar and separate structures carrying two or 
three lanes of highway depending on the direction. This paper focuses on the broader one which 
is a three span continuous plate structure with spans of 19.50 m, 28.05 m and 19.50 m 
respectively. Figure 1 shows the longitudinal cut including both abutments, relieving slabs and 
the deck plate with haunches around both middle supports. The entire structure rests on four 
lines of drilling piles with diameters of 1.00 m and lengths between 12.00 m and 19.50 m. The 
main design aspects furthermore include a crossing angle of 74° between center-line and 
integral abutments, a deck width of around 19.37 m excluding two cantilevers of 2.50 m each 
and a construction height of 1.00 m. 

 

Figure 1. Longitudinal cut of Marktwasser-Bridge S33.24 

Although jointless bridges provide many advantages especially structures of this length are not 
well established since there are many uncertainties in the design, ranging from material 
properties, the development of creep and shrinkage over time to the structure-soil interaction. 
Consequently a suitable monitoring system was to be developed and installed, taking care of 
those open questions.  

2.2 Components of the applied Structural Health Monitoring system 

The applied monitoring system consists of 20 FOS which measure strain and temperature at 
certain points of the bridge deck and are connected to the optical analyzing device. The 
analyzing device is placed in a heated and air conditioned electrical control cabinet, see Figure 
2. An industrial PC and an external power supply for the case of short time power failures are 
also placed within the control cabinet. 

 

Figure 2. Electric control cabinet, FOS – measuring strain and temperature 
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The sensors are connected in series and divided into two separate sensor lines, one of which was 
fixed to lower and the other to the upper reinforcement layer of the concrete bridge deck plate. 
Both ends of each sensor line are guided to the bridge abutment, ensuring redundancy in case 
the line breaks at one point because the serial used system is rather vulnerable to single damages 
although facilitating installation. A ductwork is used for guiding the lines to the 4 channel 
optical analyzing device, which is placed in the electrical control cabinet, see Figure 3. The 
optical device records the changing of light wave length of each sensor and from this 
information the actual strains are recalculated. The sampling rate for permanent monitoring is 
chosen with 1 Hz for each channel. The data recording happens 24 hours per day. The optical 
device is connected to the industrial PC in the control cabinet via Ethernet. 

  

Figure 3. Optical analyzing device, Durctwork in abutment for guiding sensor lines to control cabinet 

In order to get information about the correct SHM operation a remote maintenance system has 
been installed. For this, altogether 3 modems are installed in the electrical control cabinet. By 
the use of remote maintenance a check of the SHM system and performing small changes in the 
software configuration are easy possible. 

All of the recorded data is saved on the industrial PC and between the hours 00:00 and 01:00 an 
automatic data transfer from the PC on the site to a server at the office of RED Bernard takes 
place. The server has a special monitoring database, in which the monitoring data files are 
stored. After finishing the transfer of all files automatic data analyses are performed and the 
graphical results are displayed at the SHM homepage of RED Bernard, http://shm.bernard-
ing.com. 

St. Pölten
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Figure 4. Placement of FOS in the concrete bridge deck of interest 
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2.3 Installation of the Structural Health Monitoring system to the Marktwasser Bridge 

In case of the Marktwasser Bridge in Austria a FOS Structural Health Monitoring system was 
installed to the bridge deck of interest. The date of installation was at the beginning of 
December 2008. As mentioned in section 2.2 altogether 20 FOS in two lines were installed 
before concreting, see Figure 4. 

In order to prevent damages of the FOS the fibre lines are coated with a steel tubs, which are 
again coated by a synthetic material. The reason for the outside coating is to ensure water-
proofness and hence to prevent any soakage of cement lime to the fibre sensor. Figure 5 shows 
the installation of the sensor lines on site. For fixing the sensor line to the reinforcement cable 
clips are used. 

Figure 5. Installation of FOS to the concrete bridge deck 

The concreting of the bridge deck plate was performed at the 5th December 2008, see Figure 6. 
During the concreting process all sensors were operating and the data was recorded. The 
planned monitoring period is 5th December 2008 till January 2009 and probably it will be 
elongated.  

Figure 6. Concreting of the bridge deck plate with FOS installed 
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2.4 Further monitoring concept for earth-pressure and strain-field 

Since not only the development of temperature and strains in the bridge deck were of interest 
but also the soil-structure interaction as well as the strain-field above the relieving slabs behind 
both abutments, the installation of further monitoring sensors was planned and partially already 
realized. 

Of high influence on the overall performance of the structure as well as the efficiency of the 
design is the possible amount of earth pressure that acts on both abutments. In order to exclude 
or at least minimize those loads the soil behind the abutments was reinforced using geotextiles, 
as can be seen in Figure 7. Based on this design decision, only the passive earth pressure was 
considered during design of the bridge itself. Since there currently is little experience 
concerning the performance of this solution two extensometers were installed, one anchored 
only 1.0 m and the other one 6.5 m behind the abutment. The first sensor was chosen to measure 
the relative movement of the soil body with respect to the abutment whereas the latter should be 
able to register the absolute movement of the abutment, based on the assumption that its 
endpoint is beyond the affected area. Figure 7 shows both extensometers and the LVDTs. 

  

Figure 7. Installation of extensometers, Longitudinal deflection sensors (LVDTs) 

Since the main advantage of a jointless design is its ability to deal with thermal expansion 
without the need to install and consequently maintain expansions joints, the performance of this 
particular detail of design is of the utmost interest to the operator. So apart from the already 
installed extensometers 10 further FOS sensors will be installed in the soil-body above the 
relieving slab aiming at the measurement of the actual strain-field. To this end special 
geotextiles with optical fibres woven into them as shown exemplarily in Figure 8 will be used. 
Again two separate lines consisting of 5 sensors each with a spacing of 1.0 m are planned. 
Figure 8 also shows the placements of both lines with the goal to capture the longitudinal strain-
field as accurately as possible. 

Figure 8. Example for and placement of geotextiles with FOS 
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2.5 First measuring results of strains and temperature – structural response after casting 

Figure 9 upper part shows first measuring results of the strain history during and after 
concreting. Shortly after concreting a maximum equal to 650 μe is reached. This value 
corresponds to a strain level of 0.65%o. When removing the formwork a maximum strain 
change of 250 μe is indicated. 

Figure 9 lower part shows first measuring results of FOS for temperature. It can be seen that 
shortly after concreting the hardening heat increases up to 45° and 38° in the lower and upper 
sensor line, respectively. Within a period of 28 days the concrete heat is reaching the ambient 
heat. Generally the upper sensor line shows a more sensitive behaviour to daily environmental 
temperature changes. 

 

Upper sensor line
Lower sensor line

Upper sensor line
Lower sensor line

28 days hardening of concrete removing formwork

 

Figure 9. First measuring results of FOS – history of strain and temperature in the concrete bridge deck 

3 LONGTERM STABILITY OF FIBRE-OPTIC SENSORS 

Apart from accuracy, repeatability and measurement range the stability and robustness of 
sensors is of high importance. Especially in case of strain sensors embedded within a reinforced 
concrete body, possible changes in bonding due to degradation or fatigue and consequently 
changes in measured strains are issues.  

In order to study the longterm stability of the used FOS system laboratory tests were set up. An 
already existing test-rig consisting of a vibration prone steel beam and actuation devices was 
modified to include reinforced concrete prism of approximately 50 by 5 by 5 cm. Figure 10 (a) 
shows the formwork and resulting prism with the centered reinforcement rod of 8 mm in 
diameter and threads for later installation at both ends. In Figure 10 (b) the test set-up after 
installation of two prism at the middle of a 3.5 m long lying IPE100 can be seen. Based on a 
first eigenfrequency of this set-up of approximately 5 Hz three million load cycles can be 
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applied within a week. Currently only basic testing of the rest-rig has been performed and 
worked out well.  

During the next weeks concrete prism including FOS will be concreted and finally tested. Apart 
from strains measured with the FOS system the deflection of the beam and strain using classic 
strain gauges will be recorded as well. 

  

Figure 10. (a) Prism and formwork, (b) Final test set-up 

4 CONCLUSIONS 

A new sensor technology, the fibre optic sensors (FOS), is applied to the Martkwasser Bridge in 
Austria. Altogether 20 strain and temperature FOS are installed to the concrete bridge deck of 
interest. The FOS show a very high accuracy, stability and were found to even be suited for the 
application in a rough environment. The measurement results are used to get realistic data of 
strain and temperature during the bridge state of construction and in the bridge operation phase 
in order to verify and improve current design criteria. Results will be included within the new 
Austrian guideline for jointless bridges. 
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