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Summary: Monitoring of several railway bridges has been carried out in northern Sweden in order to 
increase the allowable axle load. The work is part of a European Integrated Project "Sustainable Bridges - 
Assessment for Future Traffic Demands and Longer Lives”. The paper describes the project and gives some 
examples of applications. 
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1. BACKGROUND 
 
An effective and economical railway infrastructure 
is crucial for the European surface transports. The 
demands on existing railway bridges regarding 
loads, speeds and robustness will continue to 
increase, why infrastructure reliability and 
durability must be enhanced. 
 
In order to meet present and future demands on 
improved capacities for the passenger and freight 
traffic on the European railway network, it is of 
vital importance to upgrade the existing railway 
bridges and ensure that they will behave properly 
under increased loads and higher speeds. 
 
The needs in this respect are similar throughout 
Europe even though the bridges themselves can be 
quite different. The resources in each country are, 
however, too small for these kinds of activities. 
Integrated activities are needed for effectiveness 
and competitiveness. 
 
Hence a European Integrated research project was 
initiated: “Sustainable bridges – Assessment for 
Future Traffic Demands and Longer Lives” TIP3-
CT-2003-001653, www.sustainblebridges.net. In 
the project, monitoring of railway bridges is an 

important part and some examples and results from 
northern Sweden are highlighted in this paper. 
 
2. SUSTAINABLE BRIDGES  
 
Sustainable Bridges is a project, which assesses the 
readiness of railway bridges to meet the demands 
of the 2020 scenario and provides the means for 
upgrading them if they fall short. These demands 
can in many cases be met through assessment of 
the bridge structure, determination of the true 
behavior of the structure, strengthening of certain 
portions of the bridge or by monitoring of critical 
properties. 
 
A consortium consisting of 32 partners drawn from 
Railway Bridge owners, consultants, contractors, 
research institutes and universities are carrying out 
the project, which has a gross budget of more than 
10 million Euros. Skanska Sweden is providing the 
overall co-ordination of the project, whilst Luleå 
University of Technology is undertaking the 
scientific leadership. 
 
The overall goal of the project is to facilitate the 
delivery of improved bridge capacity without 
compromising the safety and economy of the 
working railway. 
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Figure 1. Structural Health Monitoring System. 
 
The main objectives of the project are to: 
 
- Increase the carrying capacity of existing 
bridges to permit axle loads of up to 33 tonnes for 
freight traffic at moderate speeds (say up to 100 
km/hour). 
- Increase the capacity for passenger traffic 
with low axle loads (up to about 17 tonnes) by 
increasing the maximum speeds to up to 350 
km/hour. 
- Increase the residual lifetime of existing 
bridges by up to 25 %. 
- Enhance strengthening and repair systems. 
 
The activities within the project focus on the 
functional requirements of railway bridges in order 
to achieve increased capacities and/or increased 
residual service life and to provide enhanced 
management, strengthening and repair systems. 
The activities also address efficient condition 
monitoring systems. The objectives are in line with 
the 2020 Strategic Rail Research Agenda by 
ERRAC [1]. Being an Integrated Project, it is 
possible for the project team to modify the program 
objectives and deliverables, and to reallocate 
resources within the agreed overall budget and 
project duration, if this becomes necessary. 

3. MONITORING 
 
3.1 General 
Any cost efficient assessment, maintenance and 
strengthening process requires specific information 
about the current condition of a structure, see figure 
1. This information is mainly provided by visual 
inspections. However, ageing of the bridge 
population means that inspection effort is 
increasing. This leads to increased costs whilst 
periodic visual inspections do not generally provide 
reliable up to date information about the condition 
of bridges. This means that there is an increasing 
demand for more rational, autonomous and 
continuous inspection and monitoring technologies. 
Continuous monitoring with physical sensors has 
the potential to provide up to date performance 
information. Furthermore, it is able to furnish 
information about processes that change with time, 
such as live loads, fatigue damage, vibrations, 
temperature etc., which can be difficult to assess 
using other methods. However, to achieve this goal 
at reasonable prices, a significant effort is needed 
to standardize data acquisition, analysis and 
management processes. A key feature of any 
effective monitoring system is its ability to 
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automatically diagnose the health state of a bridge. 
This would offer the ability to only perform 
inspections as necessary, hence reducing inspection 
costs significantly. 
 
Civil engineering structures are mainly large and 
complex physical systems, consisting of many 
heterogeneous components. Monitoring of all 
components with sensors is not economically and 
technologically feasible; hence, the monitoring 
process has to be restricted to a limited number of 
components. Identifying simple condition 
indicators and assessing these indicators by 
measurement can achieve this. The intention of 
continuous monitoring is not to supersede 
traditional inspections but to optimize the 
inspection process with modern “smart” tools. This 
would increase the reliability of the information 
obtained, and reduce human intervention as far as 
possible, hence reducing costs. 
 
The main outcome of the project will be a 
Guideline for monitoring [2]. It includes the results 
from research, development and testing activities 
concerning the following 
 
- Crack sensor sheet with embedded optical 
fiber for crack detection, 
- Optimized fiber optic Bragg grating sensor 
system for distributed strain measurements on large 
structures, 
- Application of, MEMS (micro-electric-
mechanic-systems) acceleration sensors in acoustic 
emission and structural dynamics monitoring, 
- Shaker for vibration testing of bridges, 
- TOF (time-of-flight), fiber optic sensor for 
bridge deflection and crack monitoring. 
 
3.2 Sensors 
 
So far, a first prototype of a multi-hop wireless 
sensor network has been significantly updated with 
respect to hard- and software. A significant part of 
the work was dedicated to improve the robustness, 
stability and reliability of the software. Currently, 
the prototype sensor network provides the 
following functionality: 
-  The user can query information about 
measurements and about the sensor network status 
itself (sensor values like temperature, humidity, 
strain, accelerations; system internal state values: 
voltage, network topology, etc.) 
- The user can dynamically change various 
parameters of the query, for example sampling rate, 

query rate, number of values sent per data packet, 
etc. 
- The user can define alarm alerts, which are 
raised on the occurrence of specific events or 
conditions and trigger a defined action. 
 
Energy-aware approaches are used in all modules 
to maximize the lifetime of the system. The data 
acquisition is time synchronised and the 
measurements are time stamped. A wireless 
communication link (UMTS) is introduced between 
the wireless sensor network on the bridge and the 
remote control centre. Over this link, the data is 
downloaded to the control centre. The link allows 
configuring remotely the wireless sensor network 
(e.g. dispatching of new tasks, removal of existing 
tasks, modifying of filter parameters etc.) 
 
3.3 Control and data reduction 
 
On the server side (control centre), an operating 
system enables independent implementation of the 
software and ensures flexibility and portability. All 
the received data is saved into a database. All users 
of the system are able to access the data in the 
database, perform the desired analysis and display 
the corresponding graphs. 
 
System tests for evaluating the robustness and 
stability of the software have been performed in the 
laboratory of EMPA in Switzerland. Field tests for 
evaluating the system functionality and stability 
under field conditions have been started and are on-
going on the Storchen Bridge in Winterthur.  
 
The software architecture for data processing has 
been updated and tested with laboratory and field 
experiments. The tests were focused on natural 
frequency estimation based on ambient vibrations 
records with accelerometers. These tests have been 
chosen because of the high demand on memory and 
computation power (data recording, band pass 
filtering and system identification with AR-model) 
and of the very low signal level (ambient 
vibrations). The laboratory tests showed that the 
node resources (system memory and computing 
performance) are sufficient if the network is 
operated with a star topology and time 
synchronization within the network is not on. 
 
4. THE VINDEL BRIDGE 
 
The owner, Banverket, wanted to increase the 
maximum allowed axle load from 225 kN to 250 
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kN along the main northern railway line in Sweden. 
For the bridge over Vindel River, the dynamic 
behavior needed to be investigated, see Figure 2 
Visual site inspections reported large transversal 
movements. Furthermore, the general dynamic 
behavior of Swedish arch bridges needed to be 
more thoroughly described. Another objective of 
the measurement was to see if it was possible to 
catch the dynamic behavior of the bridge using 
very few sensors. 
 

 
 

Figure 2. The Vindel Bridge. 
 
The bridge is a reinforced concrete arch with two 
side spans, built in 1952. The arch carries a 
concrete trough deck via jointed concrete columns, 
and the structure is of an open spandrel type.  
 
The arch has a hollow box section with two cells 
and the deck is a slab supported by longitudinal 
concrete girders and transversal beams. Movements 
and acceleration have been measured in September 
and December 2005, Bennitz [3]. In September, 
two vibrating sensors (Harbin 891 and 941B), two 
accelerometers (PCB piezotronics) and two linear 
voltage displacement transducers, LVDTs (Vishay) 
were used to measure the response of the bridge. 
 
The vibrating sensor is a moving- coil and rotating-
pendulum sensor and can be used to measure 
acceleration, displacement and velocity. Here they 
were used to measure the acceleration and the 
dynamic part of displacements in vertical and 
lateral direction of the bridge. The LVDTs 
measured the relative displacement between the 
decks of main and side span in order to control the 
effect of movements in the bearings on the west 
and east side of the bridge. In December, four 
vibrating sensors (Harbin 891 & 914B), two 
LVDTs (Vishay) and two optical laser 
displacement sensors (Noptel PSM 200) were used 
to measure the static and dynamic response of the 
bridge. The Noptel PSM 200 receiver itself has a 

resolution of about 1/10 mm and records 
simultaneously horizontal and vertical movements 
of maximum 100 mm. 
 
Due to the use of very few sensors, rough FE 
models (beam and shell) were early created and 
used to decide the best placement of sensors for 
catching the dynamic behavior. Based on the 
measurements in September and December the FE 
models were updated, He et al (2006) [4], and for 
example used to investigate the influence of an 
increased train load from 225 to 250 kN, see Figure 
3 and Table 1. 
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Figure 3. Finite element models (3D beam and shell) of the 
Vindel Bridge. 

 
The largest vertical displacement was caused by a 
steel freight train and the largest transversal 
displacement was caused by a timber freight train, 
both with a nominal axle load of 225 kN, Bennitz 
(2006) [3]. 
 
Table 1. Vindel Bridge Frequencies. 
 

Mode No and 
 Shape 

Frequency 
FE Model [Hz] 

Frequency 
Measured [Hz] 

1. Transversal 1.13 1.15 
2. Transversal 1.93 1.90 
3. Transversal 2.23 2.25 
4. Vertical 2.46 2.57 
5. Transversal 3.35 3.44 

 
The calculations and the measurements indicated that it ought 
to be OK to increase the axle load from 225 to 250 kN 
although further measurements and calculations are needed to 
confirm this. 
 
5. THE HAPARANDA LINE BRIDGES 
 
The owner, Banverket, wanted to increase the 
maximum allowed axle load from 225 to 250 kN 
on the “Haparanda Line”, close to the Finnish 
border in northern Sweden. For five of the bridges, 
Stryckån, Kalix River, Stråkan, Kukasjokk and 
Keräsjokk, a recalculation according to the 
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Swedish classification code for railway bridges [5], 
showed that a number of critical parts would 
exceed its capacity. Most serious is that some of 
the primary members (stringers and floor beams) 
would exceed their fatigue capacity. One of the 
contributing reasons for that is the magnitude of the 
dynamic amplification factor (DAF) from the 
existing code. The classification calculations 
performed for the five bridges gave generally a 
dynamic amplification factor of about 10 % for the 
main trusses, 30 % for the floor beams and 37 % 
for the stringers. The bridges consist of riveted 
trusses, either open or closed, see Figure 4. One of 
the bridges, Stråkan, has an underlying framework 
and continues stringers supported by floor beams. 
All the other bridges have an overlying arch 
framework and the stringers connected in the ends 
to floor beams. 
 
The fatigue capacity of the steel material was tested 
and in-situ monitoring of displacements and strains 
were carried out in 2006, Enochsson et al [6]. 
 
Displacements of main trusses were measured for 
all bridges in the mid-span and at the moveable 
bearing with two optical laser displacement 
sensors, Noptel PSM 200. The sensors measures 
simultaneously horizontal and vertical movements 
of maximum 100 mm. At three of the bridges 
relative displacements in the mid of a stringer and a 
floor beam were measured with linear voltage 
displacement transducers (LVDTs). At one of the 
bridges, Keräsjokk, strain measurements were 
made in mid of a stringer and a floor beam. The 
strain gauges were welded to the beams. 
 
The measured maximum vertical displacements 
compared to the calculated ones were low, and 
even remarkable low if compared to the maximum 
allowed displacements (L/800). The estimated 
dynamic amplification factor from the strain 
measurement was about 15 % lower than the 
calculated one for the stringer, and for the floor 
beam no amplification of the strain could be seen at 
all, see Table 2. 
 
The material testing of the steel gave a fatigue 
capacity higher than what was demanded. The 
bridges are now allowed for the higher axle load of 
250 kN at a speed of 60 km/h. However, secondary 
elements with low capacity in some of the bridges 
need to be further monitored. 
 

 
 

Figure 4. Bridge at Keräsjokk. 
 
Table 2. Dynamic amplification factor for Keräsjokk bridge. 
 

 Code formulae Measured 
Framework 1.20  1.10 (Laser) 
Stringer 1.37  1.16 (Strains) 
Floor beam 1.30  1.00 (Strains) 

 
6. THE LUOSSAJOKK BRIDGE 
 
The owner, Banverket, wanted to increase the 
maximum allowed axle load from 250 to 300 kN 
along the railway line “Malmbanan”, carrying iron 
ore from the mines in Kiruna in northern Sweden to 
the harbors in Luleå and Narvik on the Swedish 
and Norwegian coasts, Paulsson & Töyrä [7]. 
 
The Luossajokk Bridge in Kiruna is a two-span 
reinforced concrete trough bridge with a cantilever 
that was built in 1965, see Figure 5. The mid-
foundation is a two part concrete wall from the 
same period, whereas the end-foundations are stone 
walls that were constructed when the line was built 
in around 1890. 
 
An assessment according to [5], showed that the 
increased load would exceed the allowed stresses in 
the reinforcement in three sections: (1) in the top of 
the short span due to longitudinal bending moment, 
(2) in the bottom of the short span due to 
transversal bending moment and (3) close to the 
mid support the shear transfer between the beam 
and the slab was too low in the transverse direction. 
 
A probabilistic evaluation of the safety was made 
in 2001 together with in-situ monitoring of actual 
strain levels, tests of concrete properties and 
refined FE analysis, Enochsson et al [8], [9]. 
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Figure 5. Bridge at Luossajokk. 

The initial measurement in 2001 showed that the 
strain levels in the reinforcement were fare from 
critical levels in contrary to the assessment 
calculation and that it was worth to evaluate the 
load carrying capacity by using probabilistic 
methods together with a refined FE-analysis. The 
condition monitoring program launched in 2002 
confirmed that the worst position found in the FE-
analysis for upwards bending in the short span was 
correct. The results from the periodical long-term 
measurements 2001-2006 confirmed that the bridge 
behaved linearly for an increased axle load from 
250 to 300 kN and that the strain development with 
time did not change. Furthermore, it could be 
observed quite a big increase in the bridge’s 
stiffness during winter time, probably due to frozen 
ballast. 
 
7. THE ÖRNSKÖLDSVIK BRIDGE 
 
The Örnsköldsvik bridge was tested to failure in 
July 2006 to demonstrate and test new and refined 
methods developed in the Sustainable Bridges 
project regarding procedures for condition 
assessment and inspection, load carrying capacity, 
monitoring and strengthening. 
 
The bridge was originally designed for an axle load 
of 250 kN. Maximum design bending moments and 
shear forces according to the original calculations 
from 1954 gives a maximum shear force of 2.3 MN 
whereof 0.7 MN from dead load. The maximum 
mid span moment is M = 3.6 MNm, whereof 0.8 
MNm from dead load. 
 

The design concrete quality was K400 which 
corresponds to a compressive strength of 40 MPa 
measured on 200 mm cubes. Concrete cores with a 
diameter of 100 mm drilled out of the bridge gave a 
mean compression strength of 68.5 MPa. Six other 
samples were tested with splitting loads. They gave 
a mean tensile strength of 3.4 MPa. 
 
The reinforcement steel is mostly of diameter 16 
and 25 mm of quality Ks40 with a nominal yield 
strength of 400 MPa. Samples of the reinforcement 
were tested after the testing of the bridge. The yield 
strength was ca 400 MPa complying with the 
prescribed value. However, the maximum stress 
was much higher, usually around 700 MPa. 
 
The bridge was tested with a vertical point load P 
in the mid span, see Figure 6. This loading may 
lead to a combined bending and shear failure which 
is interesting to evaluate and compare with code 
predictions and with more refined models see e.g. 
Enochsson et al [10] and Puurula [11]. In order to 
prevent a traditional bending failure, the bridge slab 
was strengthened with epoxy bonded composite 
materials. The chosen method was Near Surface 
Mounted Reinforcement (NSMR) rectangular bars 
of Carbon Fibre Reinforced Polymers (CFRP) 
which then were mounted by bonding in sawed out 
groves in the slab, see Täljsten [12]. 
 
The bridge was loaded during three occasions, two 
times before it was strengthened on the 5th and 6th 
of July and then the failure test of the strengthened 
bridge on the 10th of July 2006, see Figure 6. 
 
The load was applied by placing a beam reaching 
over the bridge deck which was fastened by cables 
anchored into the rock some 6 metres below the 
ground surface. Two 1000 ton hydraulic jacks 
provided the force. 
 
During the first loading occasion, the through slab 
was loaded onto the ballast to check the 
distribution of loads through the ballast and the 
load-carrying capacity of the slab. 
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Figure 6: Automatic non-destructive testing (NDT) with radar and ultrasonic echo was used to check the concrete and 
reinforcement conditions in a concrete bridge in Örnsköldsvik in Sweden. The bridge was then tested to failure to compare 

assessment predictions with the real ultimate load-carrying capacity. 
 
A possible bending-shear failure could be expected 
where the slab connects to the beam for 
approximately P = 1-2 MN. During the second and 
third loading occasions, the two main beams were 
tested. 
 
In the final test it was possible to load the bridge 
with 11.7 MN which is considerably more than 
what it was designed for. The strengthening 
worked fine and the measurements are now being 
evaluated in order to check the effectiveness of the 
monitoring systems, which included strain gauges, 
LVDTs, fiber optic and laser. 
 
8. CONCLUSIONS  
 
It has been possible to allow higher axle loads on 
several bridges due to monitoring programs and 
subsequent evaluations. 
 
One bridge has been tested to failure in order to 
compare predicted load carrying capacity with real 
values. There are very few other concrete bridges 
which have been tested to failure in order to check 
their ultimate behavior. 
 
Preliminary conclusions are that materials 
properties are very important. Both the concrete 
and the reinforcement had higher strengths than 
what was assumed. The strengthening method 
worked very well. The bridge could carry a higher 
load than what was expected. Comparisons with 
evaluations according to the guidelines developed 
are in progress and will be reported in the final 

reports of the Sustainable Bridges project, see 
www.sustainablebridges.net. 
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