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Abstract 
At least 20% of existing railway bridges in Sweden are reinforced concrete (RC) trough bridge that 
consist in a slab carried by two longitudinal main beams. As these bridges are getting old, there is 
an urging need to assess their remaining capacity with the aim of prolonging their service lives. The 
limited literature on the topic has pointed out that there is a significant difference between the 
capacity predicted by available codes and that obtained experimentally. In this paper, a review of 
the Bridge and Tunnel Management database (BaTMan) of railway infrastructure in Sweden, is 
carried out to gain an overview of the current state of the Swedish railway bridge, with focus on 
trough bridges. Then, a non-linear finite element model is calibrated using the experimental results 
of the previous testing of a decommissioned trough bridge. The model is used in a parametric study 
where the effect of key mechanical parameters on the capacity of trough bridges is studied.  
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bridges, BaTMan 
 

1 Introduction 
Dinas (2017) conducted a survey of European 
bridges which concluded that the intervention or 
replacement of considerable portion of these 
structures will be required in the foreseeable 
future. For the case of Sweden, a similar conclusion 
was drawn by Du (2015), which affirmed that the 
country was not exempt of having an aging bridge 
population. This issue raises an important question 
regarding the state of the bridges and encourages 
the development of research devoted to the 
assessment of the existing bridge stock.  

For the case of Sweden, in the late 19th century, 
railway bridges were commonly constructed using 
steel as they allowed for longer span lengths 
compared to roman masonry arches. During the 
20th century, the popularity of concrete as a 
construction material began rising, and today it is 
the most predominant construction material used, 
In fact, concrete accounts for the majority of 
approximately 4000 Swedish railway bridges 
according to the Bridge and Tunnel Management 
database (BaTMan, 2021). Among Swedish bridges, 
the reinforced concrete (RC) trough bridge 
represents at least 20% of the bridge population 
(BaTMan, 2021). A trough bridge consists of a slab 
carried between two longitudinal main beams that 
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transfer the loads to the supports of the structure 
as shown in Figure 1. The “U-shaped” container 
formed by these structural members allows for 
ballast to be added to the structure which 
distributes the loads from traffic, the sleepers rails 
to the concrete deck.  

 
Figure 1. Typical RC trough bridge in Sweden. 

Considering the significant proportion of trough 
bridges located in Sweden and its increasing age, 
current bridge data available in the Bridge and 
Tunnel Management database (BaTMan) is 
analyzed in this paper. In addition, a Finite Element 
(FE) model is developed and calibrated using the 
experimental results of a previously tested trough 
bridge. The model is then modified to evaluate the 
influence of material properties on the behaviour 
of these type of bridges.  

2 Analysis of BaTMan 
BaTMan is a tool managed by the Swedish 
Administration of Transport (Trafikverket) that is 
used to plan and define the maintenance of 
bridges, tunnels, and other types of structures. In 
this paper, information regarding age, material, 
geometry, and state of railway bridges is extracted 
from BaTMan. The information is subsequently 
processed to draw conclusions regarding these 
parameters and to obtain an overview of the state 
of railway bridges in Sweden in 2021, with focus on 
trough bridges. 

2.1 Material- and Geometrical data 
The data presented in this paper considers only 
existing railway bridges. The analysis of the 
exported data shows that the most prevalent 
material used for bridge construction in Sweden is 
concrete, constituting approximately 83% of the 
railway bridge population, as shown in Figure 2. 

 
Figure 2. Material distribution among Swedish 
railway bridges (BaTMan, 2021). 

Table 1 below displays the findings regarding all the 
different identified types of bridge for the building 
materials of Figure 2. The table also summarizes 
the calculated mean age of construction for each 
material. 

Table 1. Amount and mean age of railway bridges 
in Sweden based on material (BaTMan, 2021). 

Bridge Type 
[-] 

Amount 
[-] 

Ave. Age 
[years] 

Concrete 3347 41.9 
Masonry 119 122.6 

Composite 66 21.7 
Steel 501 63.4 

Undefined 6 62.2 
SUM 4039  

Bell (2004) affirmed that 20% of European concrete 
bridges were at least 50 years old. The obtained 
data of this study suggests that 37.3% of concrete 
bridges are this old. In total, 1248 concrete bridges 
were identified as having a structure age over 50 
years old of which 1197 were constructed using 
reinforced concrete. A summary of the age 
distribution for all material types is displayed in 
Figure 3. 

From Table 1 and Figure 3, it is concluded that the 
age of steel bridges is relatively high compared to 
other bridge types with an average age of 
approximately 63.4 years. Masonry structures are 
also very old, although this is expected as they are 
generally old roman arch bridges that require less 
maintenance and replacement. It is noted that 
composite bridges are generally younger. 

83%

3%
2%
12%

SUMMARY - MATERIALS
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Figure 3. Age among materials (BaTMan, 2021). 

From the analysis of the database, it was concluded 
that single span bridges are the most common 
type, constituting approximately 76.3% of the 
bridge population. Masonry and concrete bridges 
are used for shorter span lengths compare to steel 
and steel-concrete composite bridges (see Figure 
4). 

 
Figure 4. Span length distribution among the 
identified materials (BaTMan, 2021). 

2.2 Condition 
The Swedish Administration of Transport classifies 
the condition of the different construction 
elements of bridges in four different condition 
classes (TK), based in visual inspections, as seen in 
Table 2.  
 

Table 2. Condition classes defined by The Swedish 
Administration of Transport. 

Condition 
Class  

Requirement 

TK 0 Requires maintenance in more than 10 
years to keep its function 

TK 1  Requires maintenance in less than 10 
years to keep its function 

TK 2  Requires maintenance in less than 3 
years to keep its function 

TK 3  Requires maintenance at the time 
of inspection to keep its function 

 
If a bridge has damages that are classified as TK2, 
these damages must be addressed before the 
function of the bridge is reduced. When an 
element is classified as TK3, an investigation is 
required as soon as possible to verify that 
the classification was done correctly. The condition 
of the different bridges differentiated by their 
material is presented in Figure 5. In Figure 5, 
bridges labelled as “-”do not have any reported 
damages. 
 

 
Figure 5. Conditions classes among the identified 

materials (BaTMan, 2021). 

For structures in class TK2 and TK3, where more 
pressing repairs are needed, steel bridges are in the 
top of both categories with percentages of 17.2% 
and 3.6%, respectively. The least percentage of 
bridges in TK2 or TK3 is found for concrete with a 
combined value of 7.1%. The severity of bridge 
damages should be correlated to the ages of the 
structures since most of the damages occur over 
time. The steel bridges, which as previously stated 
has the highest number of TK2 and TK3 class 
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damages, have a higher average age than 
composite and concrete structures. This could 
explain why these structures have been subjected 
to more severe deterioration and present more 
damage. Masonry structures are older than steel, 
but these are mostly built with short spans and 
with cut masonry placed as roman arches that do 
not require the same amount of maintenance that 
the other types of bridges do.  
It is noted that largest value for class TK0 is for 
composite bridges where 45.5 % of them are in 
good condition. Masonry bridges have the 
largest number of bridges that are classed as TK1, 
amounting to 48.7% of the total. 
The most common types of damage identified 
varies with respect to the bridge building material 
and the condition class. In Table 3 - Table 6, 
examples of common damage types, commonly 
damaged materials, common reasons for damages 
and commonly damaged structural members are 
displayed for the different materials and condition 
classes. 

Table 3. Common damages, damaged materials, 
and reasons for TK0. 

Bridge 
Type 

[-] 

Damage 
[-] 

Material 
[-] 

Part 
[-] 

Concrete Tensile 
Cracks Concrete Edge Beam 

Masonry Cracks Masonry Arch 

Composite Tensile 
Cracks Concrete Bridge 

Deck 
Steel Corrosion Concrete Front Wall 

Table 4. Common damages, damaged materials, 
and reasons for TK1. 

Bridge 
Type 

[-] 

Damage 
[-] 

Material 
[-] 

Part 
[-] 

Concrete Tensile 
Cracks Concrete Edge 

Beam 
Masonry Deformation Masonry Arch 

Composite Tensile 
Cracks Concrete Edge 

Beam 
Steel Corrosion Steel Beam 

 

Table 5. Common damages, damaged materials, 
and reasons for TK2. 

Bridge 
Type 

[-] 

Damage 
[-] 

Material 
[-] 

Part 
[-] 

Concrete Tensile 
Cracks Concrete Edge 

Beam 
Masonry Deformation Masonry Arch 

Composite Corrosion Multiple Multiple 
Steel Corrosion Steel Beam 

Table 6. Common damages, damaged materials, 
and reasons for TK3. 

Bridge 
Type 

[-] 

Damage 
[-] 

Material 
[-] 

Part 
[-] 

Concrete Splitting Concrete Multiple 
Masonry Deformation Concrete Multiple 

Composite Tensile 
Cracks Concrete Edge Beam 

Steel Corrosion Steel Beam 
 
BaTMan defined six regions in Sweden (see Figure 
6): North, Mid, East, West, Stockholm and South. 

 
Figure 6. Regions in Sweden defined by 

Trafikverket. 

The analysis showed that region West contains the 
larger number of bridges in all condition classes. In 
addition, results show that Stockholm has either 
the largest or second largest value of damages per 
square meter of bridge (with exception of TK3) 
although the total number of bridges are relatively 
low. This could be due to Stockholm containing 
larger bridges with respect to total bridge area. 
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Percentage wise, as well as in total number, region 
west display largest portion of bridges with 
damages in condition class TK2. For TK1, it is noted 
that the south region has the maximum value 
percentage wise. The west region has the largest 
number of bridges in this condition class. The 
lowest number of bridges is found in region North. 
For TK0 Stockholm display the lowest values in 
every category, which could suggest that bridges in 
Stockholm very seldom only experience structural 
damages in this condition class. With regards to 
percentage, the North region experiences the 
largest value for TK0 damages. In addition, the 
North region experiences the second largest value 
with regards to damages per square meter. 
An example of this analysis is shown in Table 7 and 
Table 8 for TK2 and TK3 condition classes. These 
table show what percentage of bridges within a 
region experience that certain type of damage and 
the amount of damages per square meter of 
bridge. 
 

Table 7. Damage data based on region and 
condition class TK2. 

TK2 South East West North Stockholm Mid 

% 7.6 5.8 10.4 7.2 8.1 8.7 
Nr. 64 30 102 37 35 64 

TK/m2 8.6 9.2 10.4 11.3 18.1 10.4 

Table 8. Damage data based on region and 
condition class TK3. 

TK3 South East West North Stockholm Mid 

% 0.1 0.0 2.4 0.4 0.0 0.1 
Nr. 1 0 24 2 0 1 

TK/m2 0.0 0.0 1.8 0.8 0.0 1.5 

2.3 Structure Types 
There exist several different structure types in 
Sweden, of which the most common structure 
types are the beam bridge and the slab bridge 
which accounts for 48% and 44% of the bridge 
population, respectively (Figure 7). 

 
Figure 7. Structure type distribution for Swedish 
railway bridges (BaTMan, 2021). 

Figure 7 displays a broad overview of the structure 
types that exist within the railway system. Different 
types of arch bridges and truss bridges have been 
identified and the total amounts of bridges found 
for all structure types are displayed in Table 9.  

Table 9. Amount of bridges for the structure in 
Swedish railway bridges (BaTMan, 2021). 

Identified Structure Types Summation 
Bridge types 

Arch Bridges 160 
Beam bridge 1937 
Pipe bridge 111 
Slab bridge 1778 
Truss bridge 47 

Trussed Arch bridge 4 
Other 6 

Summation 4039 

In addition, 809 bridges among the bridge types 
displayed in Table 9 have been identified as RC 
trough bridges which corresponds to 
approximately 20% of the Swedish railway bridge 
population. Important takeaways of the analysis of 
this bridge type are the following: 

• Average span length: 6.8m 
• Average total structure width: 5.4 m 
• Number of bridges in TK3: 2 (0.2% of all 

Swedish RC trough bridges) 
• Average age: 54.6 years old 
• Most found in region west (28.2% of all 

Swedish RC trough bridges) 

Common damages identified for trough bridges, 
with regards to condition class, are presented in 
Table 10. 

4%

48%44%

3%
1%

SUMMARY - STRUCTURE TYPES

Arch bridges Beam bridges Slab bridges
Pipe bridges Truss bridges
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Table 10. Common damages, damaged materials 
and reasons for trough bridges. 

Class Damage Material Reason Part 

TK0 Tensile Cracks Concrete Loading Edge beam 
TK1 Deformation Concrete Environmental Edge beam 
TK2 Deformation Concrete Environmental Edge beam 
TK3 Deformation Concrete Loading Multiple 

3 FE-analysis 

Current literature regarding Swedish concrete 
bridges have affirmed that the material properties 
of the concrete used during construction have 
increased significantly over time. For instance, 
Thun et al. (2006) tested the material properties of 
20 concrete bridges constructed during the 20th 
century and found that their concrete compressive 
strengths had increased by 70% on average with 
respect to their original specified construction 
value. In addition, Paulsson et al. (1996) performed 
a series of fatigue and static loading tests as well as 
a test of the material properties of the bridge. The 
specimen was a typical Swedish RC trough bridge 
called Lautajokki which had previously been 
situated on the Iron Ore Line before its 
replacement. The results they obtained showed 
that the concrete strength of the bridge had 
increased which agreed with the study performed 
by Thun et al. (2006). The bridge was initially 
designed to be constructed using concrete quality 
K40 according to the old Swedish standard, BBK94 
(1994), but the material tests showed that the 
concrete compressive strength of the bridge was 
equivalent of concrete quality K80. The 
characteristic concrete compressive strength of 
quality K40 is 28.5 MPa and for K80 it is 56.5 MPa 
(Trafikverket, 2019). The experimentally obtained 
mean value was however 72.6 MPa in the slab and 
81.9 MPa in the beam. In relation to this, Paulsson 
et al. (1996) also concluded that the bridge 
experienced a significantly higher capacity 
compared to the design axle load of the Iron Ore 
Line at the time. The allowed axle load on the line 
was 25 tonnes and the bridge was loaded by an axle 
load of 87.5 tonnes without showing definite signs 
of yielding or structural failure.  

In this study, a FE-model is developed in the FEM 
program ATENA Science according to the 
Lautajokki bridge (Paulsson et al., 1996) to evaluate 
the effects of alterations to the concrete 

compressive and tensile properties on RC trough 
bridges. 

3.1 Model Formulation  
The span length of the Lautajokki bridge is 6.1m 
and the width of the slab is 3.1m. In Figure 8, the 
FE-model is displayed. Symmetry has been utilized 
at the YZ-plane as well as the XY-plane which 
results in only one quarter of the bridge being 
modelled. 

 
Figure 8. FE-element model of the Lautajokki 

bridge. 

3.2 Support Conditions 
The bridge is supported along a line constraint in 
the y-direction placed on a steel plate with 
modulus of elasticity, E, equal to 200 GPa. 

To utilize the previously mentioned symmetry, 
surface constraints were added to both symmetry 
planes. The surfaces were constrained in the 
direction perpendicular to the symmetry plane, i.e. 
the surfaces on the symmetry plane XY was 
constrained in Z-direction. At the intersection 
between the two symmetry planes a line constraint 
is added for both directions.  

3.3 Concrete 
ATENA uses a material constitutive model called 
CC3DNonLinCementitious2. The material model 
combines both models for tensile (fracture) and 
compressive behavior (plastic). The tensile model is 
based on Rankine failure criterion and the 
compressive model is based on the Menetrey – 
Williams failure surface. Further, the constitutive 
model employs smeared crack theory which can be 
either implemented using a fixed or a rotated crack 
model.  
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3.4 Reinforcement 
Reinforcement in ATENA can be modelled either as 
discrete bars or smeared reinforcement.  The 
model used in this analysis employs discrete 
reinforcement. The reinforcement used in the 
Lautajokki bridge were ribbed Ks40 bars which 
have a characteristic yield strength of 410 MPa 
strength (Trafikverket, 2019).  However, Elfgren 
(1972) tested the yield strength experimentally and 
obtained a mean value of 440 MPa which has been 
used during this analysis.  

The reinforcement in the transversal direction of 
the slab had a diameter of 16 mm with a spacing of 
100mm with eight additional bars with a diameter 
of 16 and the spacing 500mm in the middle of the 
slab. In the longitudinal direction of the slab, the 
reinforcement had a diameter of 16 mm with a 
spacing of 200 mm. The beam was reinforced with 
11 bars with a diameter of 25 mm. 

  

3.5 Monitoring Points 
Monitoring points were defined according to the 
placement of the Linear Variable Differential 
Transformers (LVDTs) that were used during the 
monitoring of the Lautajokki bridge, Figure 9. This 
allowed the FE-model to be calibrated according to 
the experimental results.  

 

 
Figure 9. Monitoring points used during the 

analyses. 

3.6 Results 
The analyses have been performed using concrete 
qualities K40, K60 and K80. Table 11 defines the 
properties of these classes defined by Trafikverket 
(2019) used during the analyses. 

Table 11. Analyzed concrete strengths 

Parameter fcc [MPa] fct [MPa] E [MPa] 
K40 28.5 1.95 32.0 

K60 42.5 2.50 36.0 

K80 56.5 2.65 38.5 

3.6.1 Results from Monitoring Points 

Load – Deformation (LD) diagrams were obtained 
to determine the change in total load capacity, 
rotation of the support and rotation of the main 
beams of the structure as a result of changes in 
concrete quality (see Figure 10 and Figure 11). 

 
Figure 10. FEM-results obtained for point VG. 

 
Figure 11. Results obtained for point HE1 and HE2. 

Figure 10 displays that the stiffness of the structure 
is not significantly altered when the concrete 
quality is increased from K40 to K80. However, 
using K40 implies a reduction on the deformation 
observed at ultimate load. In addition, the total 
load capacity was found to be increased by 9.4% 
using K60 compared to K40, whereas the increase 
between K60 and K80 was 2.4%. Further, Figure 11 
displays that an increased concrete quality results 
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3.4 Reinforcement 
Reinforcement in ATENA can be modelled either as 
discrete bars or smeared reinforcement.  The 
model used in this analysis employs discrete 
reinforcement. The reinforcement used in the 
Lautajokki bridge were ribbed Ks40 bars which 
have a characteristic yield strength of 410 MPa 
strength (Trafikverket, 2019).  However, Elfgren 
(1972) tested the yield strength experimentally and 
obtained a mean value of 440 MPa which has been 
used during this analysis.  

The reinforcement in the transversal direction of 
the slab had a diameter of 16 mm with a spacing of 
100mm with eight additional bars with a diameter 
of 16 and the spacing 500mm in the middle of the 
slab. In the longitudinal direction of the slab, the 
reinforcement had a diameter of 16 mm with a 
spacing of 200 mm. The beam was reinforced with 
11 bars with a diameter of 25 mm. 

  

3.5 Monitoring Points 
Monitoring points were defined according to the 
placement of the Linear Variable Differential 
Transformers (LVDTs) that were used during the 
monitoring of the Lautajokki bridge, Figure 9. This 
allowed the FE-model to be calibrated according to 
the experimental results.  

 

 
Figure 9. Monitoring points used during the 

analyses. 
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(2019) used during the analyses. 
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K40 28.5 1.95 32.0 

K60 42.5 2.50 36.0 

K80 56.5 2.65 38.5 

3.6.1 Results from Monitoring Points 

Load – Deformation (LD) diagrams were obtained 
to determine the change in total load capacity, 
rotation of the support and rotation of the main 
beams of the structure as a result of changes in 
concrete quality (see Figure 10 and Figure 11). 

 
Figure 10. FEM-results obtained for point VG. 

 
Figure 11. Results obtained for point HE1 and HE2. 

Figure 10 displays that the stiffness of the structure 
is not significantly altered when the concrete 
quality is increased from K40 to K80. However, 
using K40 implies a reduction on the deformation 
observed at ultimate load. In addition, the total 
load capacity was found to be increased by 9.4% 
using K60 compared to K40, whereas the increase 
between K60 and K80 was 2.4%. Further, Figure 11 
displays that an increased concrete quality results 
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in slightly lower rotation of the main beams at the 
mid span as well as the bridge near the support.  

3.6.2 Failure Mode 

The results obtained from the monitoring points 
showed that the stiffness of the structure reduced 
somewhere between 250 kN – 500 kN for all the 
analyses. This change in stiffness was likely due to 
the appearance of cracks in the structure and 
afterwards the new obtained stiffness was 
maintained until the structure came close to 
failure. All analyses displayed a behaviour where 
the load would stagnate while the displacements 
grew larger, which would suggest that the 
structures failed due to a ductile bending failure. 
This is supported by the fact that the reinforcement 
in the structure had largely started to yield as seen 
in Figure 12. 

 
Figure 12. Principle stress in the reinforcement 
obtained at the failure point of the structure. 

As Figure 12 displays, the bending reinforcement in 
the slab has started to yield which corroborates the 
presence of failure due to tensile bending. If a 
shear failure would have been prevalent, a 
significant and sudden drop in load would have 
been expected.  

4 Conclusions 
Based on BaTMan, a total of 30 bridges were 
identified as having structural damages in the most 
severe condition class (TK3) which corresponds to 
0.74% of the entire Swedish railway population. For 
RC trough bridges, only 2 bridges were identified in 
TK3. It was found that steel- and masonry bridges 
experienced the highest average age. In addition, 
steel and masonry bridges experienced the most 
and the second most damages in TK3 respectively 

with regards to percentage of the material type. 
Although this encouraging result implies that 
Swedish railway population is in good shape, it is 
highlighted that information regarding damage in 
BaTMan is mainly qualitative. Therefore, further 
quantitative analysis of the bridges in Sweden, 
including analysis with increased axle loads, are 
required to obtain a clearer view of the bridge 
population health.  

With regards to the FE-analysis, it is concluded that 
the concrete quality has a limited impact on the 
stiffness and capacity of RC trough bridges. For the 
capacity, this effect, however, was larger when the 
concrete was increased from K40 to K60 (9.4% 
increase) compared to an increase from K60 to K80 
(2.4% increase). The failure mode of the structure 
for the three evaluated cases was a ductile bending 
failure. This behavior is clearly shown on the load – 
displacement curve as well as in the yielding 
patterns of the reinforcement.  
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