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ABSTRACT
Stockholm consists of several islands connected by a number of bridges. Many of these bridges need to be repaired or
replaced because of their age. Replacing and repairing existing bridges are of economic concern for many local
authorities and governments. In order to minimize the costs for reparation and maintenance and to ensure the safety of
civil infrastructures, there is an increasing need in our society for health monitoring of bridges. Monitoring helps us to
understand the real behaviour of the structure and lets us verify the design uncertainties. It is clear that monitoring will
have a major role in the design of the future structures, and suitable monitoring systems will be designed together with
the structures.
The new Årsta Railway Bridge, witch is under construction in Stockholm, is an optimised and very complex ten-span
pre-stressed concrete structure. Each span has a length of 78 meters. The Swedish National Railway Administration
(Banverket) has initiated a measuring campaign in order to study and understand the dynamic and static behaviour of
the bridge. The main objectives are: firstly, to monitor the bridge during the first 10 years including construction and
testing period, and secondly, for the static study, to compare traditional measuring technique using strain transducers
developed at Royal Institute of Technology, KTH, Sweden, with the fibre optic sensors developed by SMARTEC,
Switzerland.
After a short overview of the existing measurement systems and technique for measuring civil infrastructures, the paper
illustrates the installation of KTH’s and SMARTEC’s monitoring systems. In addition, some very early results are
included.
Keywords: Bridge, construction, fibre optics, gauge, sensor, strain transducer, monitoring.

1. INTRODUCTION
The New Årsta Railway Bridge is a delicate structure and requires verifying the uncertainties of the design and the
maintenance status by health monitoring. Since there are a number of different techniques available on the market, a
literature study about different commercial monitoring systems was done. The book by Raymond M. Measures
”Structural monitoring with fibre optic technology” [a], article by K. Bergmeister & U. Santa, “Global monitoring
concepts for bridges”[b] and article by D. Inaudi, ”Application of Fibre Optic Sensors to Structural Monitoring” [c]
gave a wide understanding for the subject. Personal meeting with Wolfgang Habel, BAM, Federal Institute for Material
Research and Testing, Berlin, Germany [d] was also very fruitful and helped us when choosing the suitable system to be
used at the New Årsta Railway Bridge. The chosen systems were selected with care and will allow for both static and
dynamic measurements in order to guarantee the safety and economy of the structure.
One span of the New Årsta Railway Bridge will be monitored with 40 fibre optic sensors, 9 thermocouples, 24 strain
transducers embedded in concrete and 6 accelerometers. In addition, the rails will be instrumented with strain gauges to
monitor the railway traffic on the bridge. The static behaviour of the bridge will be monitored permanently by fibre
optic sensors, thermocouples and strain transducers and one. The dynamic behaviour will be measured with strain
transducers and accelerometers and these measurements will take place when the bridge is completed. Special
campaigns will be done in order to study the dynamic effects and/or check if any changes in the dynamic properties
have occurred. Some special events like very strong wind may give need to some extra measurement campaigns.
The New Årsta Railway Bridge will also have an extra monitoring section under construction phase. This section will
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have six fibre optic sensors that will be mounted to the surface of the concrete and will give us information about the
behaviour of the cantilever part of the bridge while several complicated constructions operations take place. The
cantilever part is greatly tensed under this construction phase and this extra instrumentation will help us to understand
the behaviour of that part of the bridge under this very delicate stage.
This paper presents the New Årsta Railway Bridge, installation of the chosen sensors and some very first results. Two
different doctoral studies have initiated one for the static and one for the dynamic study. Results from these studies will
be published in following papers.

2. OVERVIEW OF SENSOR TECHNOLOGIES
Civil infrastructures, their inventory and maintenance have been under acknowledged in many countries in recent
decades. The public safety, the reasonable cost for the construction and the maintenance of the structure are principal
reasons to require a proper monitoring system for the structure. The visual inspection is used worldwide but it cannot
give enough information and there is a need to know the behaviour of the structure before it can be seen visually, so that
the necessary measure can be taken in instant.
Depending on the design of the structure, material used in the structure and the parameters that are desired to measure,
an appropriate monitoring concept will be designed for this specific structure. In some cases there might be need to
control the local behaviour of the material or composite rather than the global behaviour of the whole construction.
Every structure has its own specific requirements and these needs have to be taken care of with awareness when the
monitoring instrumentation is to be designed. Very special care has to be taken to the uncertainties in design and these
uncertainties have to be verified with the monitoring.
There are a lot of different applications for monitoring in the market with different various techniques like electrical,
optical, acoustical, geodetical and other kind of instrumentation. New techniques in monitoring civil infrastructures like
fibre optic sensors and lasers have been under great development in recent years and they are now available in the
market with an easy installation and data-collecting concept. These new techniques will allow very delicate measuring
in harsh conditions and in applications that may not be measured in the past.
Data collecting, acquisition and data interpretation is done automatically in most of larger monitoring projects, specially
the ones for long-term monitoring. The data will be stored in a compatible format and will be available for example on a
webpage. All the authorized persons who need data for processing, visualization, reporting etc are able to download and
use it instantly. The automatic collection of the data saves a lot of time and it is a huge advantage instead of the manual
measurements. Remote monitoring may even be the only possible way to monitor a structure in some cases like railway
bridges and dams where the access is not always allowed. The reliability and durability of the monitoring system
becomes significant when choosing the suitable instrumentation. Equipments that do not need power supply, visual
inspection or calibration are the most appropriate for these projects. Some new techniques have got a few years
experience in the field, like for example some fibre optic sensors and very good results were reported without service
and calibration.
The most important criteria’s for the instrumentation performance are: reliability, zero drift, the suitability for the actual
project, desired parameters and time-span of measurements. Several kind of instrumentation may be needed in complex
structures for satisfying concept, especially when both static and dynamic behavior of the structure is to be monitored.

3. OBJECTIVES AND AIMS OF THE PROJECT
The Swedish National Railway Administration has initiated a measuring campaign in order to study and understand the
dynamic and static behavior of the bridge. The New Årsta Railway Bridge is very slender and the structure will be most
vulnerable under the construction period.The aim for the static study is: i) to control the maximal strains and stresses; ii)
to detect cracking in the structure; iii) to report strain changes under construction, testing period and in the coming 10
years; and iv) to calculate the curvature of the instrumented span.
The aim for the dynamic study is: i) to determine the eigen-frequencies, mode shapes and damping factors; ii) to study
the dynamic effects of the moving trains on the bridge; iii) to study the long-term changes in the dynamic properties of
the bridge.
The main aim is also to compare the results from the fibre optic technique with the results from the conventional strain
transducers. In addition, the results will be used to calibrate the Finite Element Method models of the bridge. One
Master of Science thesis work is done and two doctoral studies are now connected to the project in order to get a deep
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long-term understanding for the both static and dynamic behaviour of the bridge under construction, testing period and
during operation.
BEMEK AB, representative for SMARTEC in Sweden, is responsible for the delivery of the hard and software, and for
the installation of the fibre optic sensors and thermocouples.
BBK AB, technique support for BEMEK AB, is responsible for the installation of the software, data communication
and acquisition, system servicing and troubleshooting of the fibre optic system.
KTH is responsible for the production and installation of the strain transducers, and for the delivery and installation of
the accelerometers. KTH is also in charge for the static and dynamic analysis of the data.

4. DESCRIPTION OF THE BRIDGE
The political idea of building a new bridge started already in 1988 in order to satisfy the needs for the increasing
railway traffic. Five consulting companies were given the work to prepare new suggestions in 1993 to get the design of
international standard. After a lot of political contradictory the work could finally begin in summer 2000.
The new Årsta Railway Bridge (Figure 1) that is under construction at the moment in Stockholm is an optimized and
very complex ten-span pre-stressed concrete structure (Figure 2). Each span has a length of 78 meters. The bridge is 833
meters long and 19.5 meters wide. The headroom under the bridge is 26 meters. The trains will be running on two
unballasted tracks. The bridge accommodates a pedestrian track on the west side and a service road in the east side of
the bridge. Foster and Partners, U.K carried out the architectural design and COWI, Denmark is responsible for the
structural design. SKANSKA Enterprises, Sweden is general contractor. The bridge will be open for traffic in 2005 and
the total cost is calculated to about SEK1.2 Billion.
The New Årsta Bridge is made in red concrete, the superstructure is very slender and the design of both the
superstructure and the piers is soft and moderate as it was desired that the new bridge design would fit the old bridge
design and the surrounding landscape, specially the small islands, Årsta Holmar with its culture historically important
yards.

Instrumented span

Figure 1 : Orientation of the Årsta Bridge in Stockholm.
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Figure 2 : Typical cross section of the bridge

5. CONSTRUCTION
The bridge construction has started in both the Northern and Southern part. The northern part is built on an in-situ
formwork. For the southern part the sliding formwork is used (Figure 4a). The sliding formwork is hanged on a
temporary movable support beam that is supported by the next pillar. The length of the formwork is 78 meters and when
the concreting is finished the formwork will be removed and shifted forward to the next casting sequence of the bridge.
The span between the Pier 8 to Pier 9 consists of two casting sequences. The cantilever part will be concreted first.
After few months, in the second sequence, the formwork is moved further and the rest of the span will be concreted.
Every casting sequence consists of six smaller casting phases that are concreted at interval of few weeks (Figure 3).
Within a casting phase the trough is to be poured firstly and the track slap secondly.
Second casting sequence
3

2

4

5a

First casting sequence
1

5b

0/3

0/2

78 m

Pier 8

Pier 9

Figure 3 : Casting sequence and casting phases for the instrumented span of the bridge

The cages of reinforcement bars are mostly done outside the bridge. The reinforcement cages of several meters are
prepared in formworks and then lifted to the bridge (Figure 4b). Completing reinforcement takes place in-site. During
the transportation of the cages, the already concreted sections of the bridge are highly tensed and therefore indeed
interesting to monitor.
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a)

b)

Figure 4 : a) Side view of the Årsta bridge during construction. Notice the temporary movable support beam and the old steel arch
bridge in the background. B) Lifting and moving the reinforcement cage to the bridge.

6. DESCRIPTION OF THE MEASURING SYSTEMS
Several long-term fibre optic sensor system types like the ones based on Bragg grating sensors, on intensity-modulated
principles and on interferometric principle were carefully compared. Finally, the SOFO system distributed by
SMARTEC, Switzerland was chosen like an application of the new technique. Argumentation for the SOFO system was
long-term strain resolution better than 0.01 per mille, sensors have a long-term stable characteristic curve, re-calibration
for the sensors is possible without moving them and zero-point reference must not disappear when power supply is
disconnected. KTH’s strain gauges were chosen as the choice for the conventional instrumentation. Argumentation for
the strain transducers and accelerometers is that KTH has a long experience in conventional measuring techniques and
several studies have been done with other bridges in Sweden with good results.
The Årsta Railway Bridge will be permanently monitored with 40 fibre optic sensors and 9 thermocouples delivered by
SMARTEC, Switzerland, (Table 1), 20 strain gauges and 6 accelerometers delivered by KTH (Table 2). Further ahead,
also the rails will be monitored to give information about the traffic on the bridge, such as axle loads and train
velocities. The fibre optic system, so-called SOFO-system by SMARTEC is based on Mickelson interferometry (Figure
5 a and b).The measurement system-amplifiers used for KTH’s strain transducers and accelerometers (Figure 6 a and b)
are of type Hottinger (HBM/MGC+).
Casting part

Fibre optic sensors

Thermocouples

Casting 0/2
Casting 1
Casting 2
Casting 5a
Casting 5b
Totally

10
8
8
7
7
40

3
3
3
0
0
9

Table 1: Number of fibre optic sensors and thermocouples in the instrumented span
Casting part

Strain transducers

Accelerometer

Casting 0/2
Casting 1
Casting 5b
Casting 2/1
Totally

4
7
10
0
20

2
2
1
1
6

Table 2 : Number of conventional techniques in different casting sections
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a)

b)

Figure 5 : a) Installed SMARTEC’s fiber optic sensor inside the transversal beam in Pier P9; b) typical surface installation of a
SMARTEC’s sensor.

a)

b)

Figure 6 : a) Strain transducer before closing and sealing of the two cover plates, developed by KTH, L = 300 mm; b) accelerometer
delivered by KTH.
SMARTEC Sensor, transversal
SMARTEC Sensor, longitudinal
Thermocouple
Passive Zone of SMARTEC
Sensors
Intermediate Connection Box
Accelerometer
Strain transducer
Figure 7 : Legend for the cross sections in Figure 8.
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Figure 8 : Location of the sensors in a typical cross section (legend in Figure 8).

Fibre optic sensors will be installed in five sections of span P8 to P9 of the bridge (see Figure 3 for the
casting/installation order). Each section consists of five longitudinal sensors and three or two transversal sensors that
will be embedded in concrete. Four longitudinal sensors are placed in the cantilever, two in each side and one sensor in
the middle of the bottom of the cross section (see Figure 8 above). Transversal beams in piers are without manholes and
therefore indeed massive and pier P9 has two extra fibre optic sensors to control the change of behaviour in and outside
this transversal beam. These sensors are placed in transversal beam, one inside the beam in the bottom of the trough and
one in the cantilever.
The length of the longitudinal fibre optic sensors is six meters in the mid-span and in the fourth-span. The longitudinal
fibre optic sensors in the cross sections near the pier P8 and P9 have the length of four meters.
Mid-span and both piers will be installed with three transversal fibre optic sensors that are placed in the plate. Two on
each sides of the plate integrating in the bottom slab concreted earlier and one in the middle of the plate. Length of the
fibre optic sensors is 0.4 meters for the side sensors and 2 meters for the sensor in the middle of the plate.
Nine thermocouples will be installed in three cross sections of the span P8 to P9 of the bridge. The sections lay at the
mid-span and at both piers. Three thermocouples are placed in each section, one in each side of the cantilever and one in
the middle of the through.
When all the cross sections are instrumented with fibre optic sensors and strain gages, the multi fibre cable is to be
connected from each local connection box to the central measurement unit inside bridge in pier P9.
KTH’s strain transducers and accelerometers will be installed in three section of span P8 to P9. An additional
accelerometer will also installed at mid-span of span P7 to P8. SMARTEC’s and KTH’s systems will be connected to a
common central unit. This unit allows for automatic measurements and will be connected to Internet.

7. INSTALLATION
The fibre optic sensors are permanently installed in five sections of the instrumented bridge span, while the strain
transducers in tree sections. The fibre optic sensors and strain gauges are attached onto the reinforcement bars by means
of plastic clips and then embedded concrete. The connection cables of the sensors are grouped and conveyed into plastic
tubes that protect them where emerging from the concrete (Figure 9a). Before concrete pouring, the sensors have to be
slightly pre-tensioned and checked (Figure 10). Close to the point where the cables emerge, the reading unit for
performing the measurements is placed (Figure 9b).
Another section will be temporary instrumented with fibre optic sensors in the cantilever. These sensors will be
installed on the surface of the cured concrete and will be removed at the end of the construction of the span. Also all
accelerometers will be installed after the bridge construction is completed.
The first installation took place in January 2003. The installation is a cooperation work between the following
companies: KTH, BBK AB, SMARTEC and BEMEK AB. The weather conditions were adverse with temperatures
down to -20˚ C. This caused some complications due to the effect of low temperatures on digital equipment and plastic
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parts. However, all the installed sensors could successfully be measured after completion of the concrete pouring and
removal of the formwork. At the time of compilation of this article 10 SMARTEC’s sensors, 4 KTH’s sensors and 3
thermocouples were installed in the cantilever section.

a)

b)

Figure 9 : a) View of the plastic tubes where the connection cable will emerge from the concrete; b) Arrangement of the connection
cables after curing of the concrete. The sensors are accessible for continuous or periodical measurements.

Figure 10 : Testing the newly installed sensors. A portable computer and reading unit are needed.

8. RESULTS
Measurements from SMARTEC’s system and KTH’s system are performed and downloaded since the casting of the
concrete at the end of January 2003. All installed sensors are properly working. Because some delays during
construction, the data haven not yet been analysed. More results, analysis and comparisons will be published in the near
future.
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Figure 11 : Comparison of the measurements for two sensors of SMARTEC’s system.
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Figure 12 : Comparison of the measurements from SMARTEC’s and KTH’s sensors located in the same position.

In Figure 11, some of the strain measured by SMARTEC’s sensors are illustrated and compared. The sensor in the
trough is 4 m long while the sensor in the transversal beam is only 1 m long. Although the sensors are placed very close
to each other, the fact that the short sensor is embedded in the massive transversal beam can have lead to larger
deformations than the sensor embedded in the through that is only 1 m tick. However, after about one month, the
deformations in the sensor become similar.
Figure 12 shows a preliminary comparison between the results of the measurements for one of SMARTEC’s and one of
KTH’s sensors. Even though some scattering in KTH’s results, the measured values from the two systems span over the
same range of strains. This range is about 0.3 o/oo.
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9. CONCLUSIONS
The process from the idea of installing sensors on the bridge to the choice of the most suitable instruments and finally to
the design of the system has been long and rather complicated. Based on such experience, it is very important to plan
the installation in detail. This also concerns the time table of the project in order to predict all possible problems of the
installation, due for example to interference with other construction works. Preferentially, several solutions should be
designed for each aspect so that inconveniences during the installation can be easily overcome. In order to achieve this,
all cooperating partners have to be informed immediately about the delays and plan changes at the construction site. It is
also highly recommended visiting the site continuously during the pauses of the sensor installation in order to control
that the workers have not damaged the sensors and the cables. This is particularly true during concreting, vibrating and
taking off the formworks. Continuous exchange of information with the personal at the site is needed, which allows to
be informed about all unexpected events that might damage the sensors.
The fact that measurements during construction are required implies that the system has to be ready to measure at all
times. This means that sensitive equipment is exposed to the conditions of the work place. Mention should be given to
the harsh environment when the sensors are placed. Sharp edges, people walking on the cables, heavy loads applied to
the reinforcement cages can jeopardize the success of the sensor installation and measurements. In Scandinavia, also the
weather conditions, with temperatures down to – 20 ºC, can be an obstacle. During this installation, the temperature
drop caused a delay of some weeks because the curing of the poured concrete did not take place as planed. The cold
weather also complicated the installation conditions: the cables got stiff and some plastic details in sensors shrank and
were difficult to fasten.
However, the results shown in this paper demonstrate that good planning and knowledge of the features of the installed
material bring to a successful installation. All the sensors installed in this first stage are properly working. This is
necessary when the measuring systems are planned to be working for the coming 10 years.
The measuring systems were also designed for allowing the comparison of the two techniques: traditional strain
transducers and fibre optic sensors. Some preliminary comparisons seem promising. In the near future, the large amount
of data collected at the bridge will make it possible to compare the real deformations and stresses in the bridge with
numerical analysis of the structure with FEM computer codes in static and dynamic conditions.
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