
1 INTRODUCTION 

1.1 General 
Growth in demand for rail transportation across Eu-
rope is predicted to continue. Much of this growth 
will have to be accommodated on existing lines that 
contain old infrastructure. This demand will increase 
both the rate of deterioration of these elderly assets 
and the need for shorter line closures for mainte-
nance or renewal interventions. The impact of these 
interventions must be minimized and will also need 
to take into account lower economic and environ-
mental impacts. New interventions will need to be 
developed along with additional tools to inform de-
cision makers about the economic and environmen-
tal consequences of various intervention options be-
ing considered.  

1.2 MAINLINE 
The project MAINLINE, 2013, addresses the ques-
tions mentioned in the introduction through a series 
of linked work packages that will target a reduced 
environmental footprint in terms of embodied car-
bon and other environmental benefits. The project 
will: 

• Apply new technologies to extend the life of el-
derly infrastructure (Work Package 1), Casas et al, 
2013, see Elfgren et al. 2013, 2014. 

• Improve degradation and structural models to 
develop more realistic life cycle cost and safety 
models (Work Package 2), see Chryssanthopoulos et 
al., 2013. 

• Investigate new construction methods for the 
replacement of obsolete infrastructure (Work Pack-
age 3), see Schewe et al., 2013. 

• Investigate monitoring techniques to comple-
ment or replace existing examination techniques 
(Work Package 4), see Bharadwaj et al., 2013. 

• Develop management tools to assess whole life 
environmental and economic impact (Work Package 
5), see Castlo et al., 2013. 

The project consortium includes leading railways, 
contractors, consultants and researchers from across 
Europe, including Eastern Europe and the emerging 
economies. Partners also bring experience on ap-
proaches used in other industry sectors which have 
relevance to the rail sector. Project benefits will 
come from keeping existing infrastructure in service 
through the application of technologies and interven-
tions based on life cycle considerations. Although 
MAINLINE will focus on certain asset types, the 
management tools developed will be applicable 
across a broader asset base. 
This paper presents some of the work in Work 
Package 1 concerning bridges. Preliminary results 
are presented from a full scale test to failure in 
September 2013 of 50 year old steel truss bridge.
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ABSTRACT: The steel truss railway bridge at Åby River was built in 1957 with a span of 32 m (105 feet). In 
2012 it was replaced by a new steel beam bridge and the old bridge was placed beside the river. It was tested 
to failure to study its remaining load-carrying capacity in September 2013. The test was carried out by Luleå 
University of Technology bycommission from Trafikverket as a part of the European Research Project 
MAINLINE (www.mainline-project.eu).In this paper some preliminary results are given. Two hydraulic 
jacks, anchored by cables to the bedrock, pulled the bridge downwards. The bridge remained elastic up to 
about three times the original design load and the load could then be almost doubled with substantial yielding 
deformations before a buckling failure appeared in the top girders for a load of ca. 11 MN (1000 short tons) 
for a midpoint deflection of ca. 0, 2 m (8 inches). No brittle or fatigue failure in any of the joints appeared and 
the bridge proved to behave in a ductile way with a substantial hidden capacity.  
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Figure 1. Elevation and Plan. Original drawing from 1957 of the Åby Bridge, span length 33 m. No 3500-1940-1, km 1049+50. 

2 DESIGN AND GEOMETRY 

The tested bridge has been carrying the Swedish 
northernmainline from Stockholm over the river 
Åby some 80 km SW of Luleå. The line was origi-
nally built in 1894 and the now tested steel truss was 
designed and constructed in 1957, see Figure 1. The 
span has a length of 33 m and a width of 5,5 m The 
SW support has four pins while the NE support has 
four rollers. The supports are founded on moraine. 
An axle load of 250 kN was used for the design. The 
steel quality for the main beams was SIS 1411 (yield 
stress fs = 250 - 260MPa; failure stress fu = 440 
MPa). Verticals, diagonals and secondary beams had 
the quality SIS 1311 (fs = 200 - 220MPa and fu = 370 
MPa). 
 

3 PRELIMINARY ASSESSMENT 

3.1 Traditional Analysis  
A traditional assessment of the remaining fatigue 
capacity of the bridge was carried out in 1994 ac-
cording to Swedish codes. It was found that some of 
the joints connecting the longitudinal beams to the 
transverse beams had an accumulated Palmgren-
Miner sum higher than 20, which indicated that a fa-
tigue failure was already overdue. However, no fa-
tigue cracks could be seen when the bridge was in-
spected. 

3.2 Finite Element Model  
A first FEM analysis was carried out in 2012 for a 
quarter of the bridge assuming symmetry in two di-
rections. Four node shell elements were used with 
43000 nodes, Blanksvärd 2012. Several joints were 
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encountered with von Mises stresses in the order of 
100 MPa 

4 MONITORING  

4.1 Bridge in original position 
Some 40 strain gauges, 10 deflection gauges and 3 
temperature sensors were mounted on the bridge 
during the summer of 2012 in order to check strains 
and deformations in critical sections, Blanksvärd, 
2013. The highest strains observed when ordinary 
trains passed over the bridge were of the order of 
250 x 10-6 corresponding to a stress of 50 MPa. 

4.2 Bridge in new position 
In the fall of 2012 the bridge was replaced by a new 
ballasted steel beam bridge and the old one was 
moved from the Åby river to a site parallel to the 
railway line. Here new tests were performed during 
2013 both regarding static and dynamic conditions, 
Andersson& Grip, 2013, according to the following 
plan: 

(1) The bridge was instrumented with accelerom-
eters in different setups and subjected to acontrolled 
force with variable frequency using a load shaker. 
Some accelerometers servedas reference at fixed po-
sition throughout all setups while others were moved 
to differentpositions. The output consisted of estima-
tion of natural frequencies, mode shapes,damping 
ratios and frequency response functions. The results 
will serve as input forupdating numerical models. 

(2) Based on design and capacity assessments, 
secondary systems as stringer beams andtransverse 
beams often give in large dynamic amplification fac-
tors. Both a stringer beamand a cross beam was in-
strumented with several accelerometers and excited 
using the loadshaker as part of the load scheme for 
(1). Since the natural frequencies of the secondary-
system were likely to be much higher than can be 
obtained by the load shaker, additionaltests with 
transient loading were performed. 

(3) Damage detection- A local damage was intro-
duced on a stringer beam and a transverse beam at a 
location that was notcritical for the later static load 
tests. The same setup as for (2) was used and meas-
urements were performed with both the load shaker 
and transient loading. The aim was to determineif a 
localized damage on the bridge could be detected 
and how large this damage needed tobe. Part (2) 
served as input for the undamaged structure. 

5 UPDATED FINITE ELEMENT MODEL 

5.1 Abacus  
In the spring of 2013 an updated FE model was de-
signed by YongmingTu using Abaqus shell ele-

ments, see Figure 2. The strain-stress relationship 
for the structural steel is considered as bi-linear with 
a hardening modulus (H) in the second part of the 
curve. 
 

 
 
Figure 2. Enhanced FEM Model 
 

A result from the model is given in Figure 3, 
where the first Eigenmode in bending with f1 = 3,71 
Hz is compared to the measured value 3,67 Hz. 
 

. 
 
Figure 3. Measured (top) and modeled (bottom) first 
Eigenmode with frequencies of 3,67 Hz and 3, 71 Hz respec-
tively 
 

5.2 Reliability analysis  
The model was used to predict the ultimate load of 
the bridge with a reliability analysis where some of 
the given parameters were varied, Cremona, 2011, 
Casas et al., 2013 and Ghosn et al., 2013.In order to 
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take into account the complex non-linear behavior of 
this bridge, the proposed FE model is also very 
complex and needs an important time for one non-
linear analysis. Trying to reduce the computing time 
and simplify as much as possible the assessment, the 
number of simulations to characterize the non-linear 
behavior of the bridge from a probabilistic approach 
must be reduced to a minimum. The number of sim-
ulations is highly dependent on the number of varia-
bles considered as random. For this reason, the pre-
selection of the variables to be considered as random 
was performed considering some previous 
knowledge and engineering judgment. The variables 
that describe the geometry were considered as de-
terministic. Also the variability of elasticity modulus 
was considered to be small and negligible.  

The random variables considered were the yield-
ing strength and the hardening slope (hardening 
modulus) of the structural steel. The elasticity modu-
lus was considered deterministic with a value equal 
to 210 GPa and a total correlation is assumed be-
tween the yielding strength and the ultimate 
strength, taking the last one as 1.636 times the value 
of the yielding stress. The value 1.636 is the ratio 
between the ultimate and yielding strengths (360 
over 220) considered in the design. With all these 
values defined and according to the bilinear shape of 
the curve, once the hardening modulus is defined, 
also the ultimate strain can be obtained, completing 
in this way the full stress-strain relationship  

The following actions were considered in the 
analysis: self-weight of the structure, additional 
permanent loads and live load on the railway track 
including impact (UIC train load model). 

Two results are presented in Figure 4, giving dif-
ferentmaximum capacities, 5,4 MN for fy =168 MPa 
(top), and 7,8 MNfor fy =256 MPa (bottom) 

6 LOAD TO FAILURE  

6.1 Loading procedure 
The load was applied by two jacks that pulled the 
bridge downwards. The jacks were anchored to the 
underlying bedrock by two injected cables. Several 
test runs were made with different maximum loads 
in order to monitor strains and deflections under dif-
ferent conditions. The final test to failure took place 
on Thursday, September 12, 2013.A preliminary 
load-deformation graph is given in Figure 5. The 
loads are based on readings from the oil pressure 
and some of the peaks do not reflect actual loads on 
the bridge. Instead they indicate that the jacks had 
run to the bottom and that a new grip had to be tak-
en, Figure 6.  
 

 
 
Figure 4. Predicted load-deflection diagrams for two simula-
tions of the steel yield stress fy =168 MPagiving  5,4 MN 
(top) and  fy =256 MPa giving 7,8 MN  (bottom), Casas et 
al., 2013. 
 

 
 
Figure 5. Preliminary load-deflection diagram from the final 
test to failure indicating a maximum load of 11 MN for a mid-
point deflection of  ca 0,2 m. 
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Figure 6. Load arrangement 

6.2 Observations  
Yielding in the steel started at a load ofca 8 MN and 
buckling of the top girders appeared at about 11 
MN. The buckling failure was predicted by the en-
hanced FE model as can be seen from Figures 7 and 
8 
 

 
 
Figure 7. Predicted buckling failure in top girders, Casas et al., 
2013. 
 

 
 
Figure 8. Actual buckling failure in top girders. 

At the maximum load, extensive yielding could 
also be noticed in the bottom longitudinal girder, see 
Figure 9. 

A relevant question is if the bridge could have 
been strengthened to obtain still a higher load as has 
be done for concrete bridges see e.g. Täljsten et al. 
1994, 2006, 2011, Carolin, 2003, Blanksvärd, 2009, 
Sas, 2011 & Puurula et al., 2012, 2013. This ques-
tion was studied in the EU Project Sustainable 
Bridges, 2007, and a full scale test to failure was 
there performed on a reinforced concrete trough 
railway bridge, SB-7.3, 2008 & Puurula, 2012. 
 

 
 

Figure 9. Yielding in the bottom longitudinal girders indicated 
by flaking off of corroded skin 

7 PRELIMINARY CONCLUSIONS 

The bridge remained elastic up to about three times 
the original design load and the load could then be 
almost doubled with substantial yielding defor-
mations before a buckling failure appeared in the top 
girders for a load of 11 MN (1000 short tons) for a 
midpoint deflection of ca.0,2 m (8 inches). No brittle 
or fatigue failure in any of the joints appeared and 
the bridge proved to behave in a ductile way with a 
substantial hidden capacity.  
 

The data will now be further analyzed in order to 
try to draw conclusions regarding assessment and 
strengthening methods for steel truss bridges. 
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