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Background

Malmbanan was built around
1900, has a length of about
500 km and has more than 100 
bridges, the oldest from the
time when the line was built.

The iron ore producer, LKAB, 
wanted to minimize its cost for 
transportation of the ore to the 
harbours in the Atlantic (Narvik) 
and the Baltic (Luleå)?

Luleå

Kiruna

Narvik

Axle load 25 -> 30 ton ?



Cross Section and Elevation of trough bridge

Shear Fatigue Capacity
in slab-beam connection ?
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We tested a 20 
year old bridge. The 
test showed that we 
had no shear 
fatigue problems.



Load-Deformation Graph

Final static loading after 
6 million load cycles.
Deflection vs Axle Load
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EC project within FP6

Started on December 1, 2003
Ended on November 30, 2007

Total budget (official)
10,2 million € of which
6,9 million € as EC contribution

Jan Olofsson, Skanska
Coordinator

Lennart Elfgren, LTU
Scientific Leader

Sustainable Bridges 
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Objectives

- Increase the transport capacity of existing bridges 
by allowing higher axle loads (up to 33 tons) 
or by allowing higher speeds (up to 350 km/hour)

- Increase the residual service lives of existing bridges with up to 25 %

- Enhance management, strengthening, and repair systems.
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Railways top 10 priority research areas, WP1

WP2

WP1

1. Better assessment tools
2. Non-disruptive maintenance methods
3. Verification of theoretical dynamic factors for both 

design and assessment
4. Use of new materials
5. System for diagnosis & maintenance needs 

selection
6. Ageing/deterioration of concrete bridges
7. Indirect inspection and monitoring dynamics for 

evaluation/crack detection in metallic bridges
8. Repair and waterproofing of concrete
9. Better testing methods for existing bridges
10. Serviceability of arches
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www.sustainablebridges.net
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428 pp

Theory
Limit States
Dynamics
Bridges made of
- Metal
- Masonry
- Concrete
Examples
Background Documents
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Bridge at Luossajokk

Can the bridge carry and increased axle load of
25 -> 30 ton during 5 year before being demolished?
Ola Enochsson, Luleå University of Technology



Luossajokk   Assessment  1996
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Niklas Bagge: 
Accelerations- och bromskrafter för järnvägsbroar. 
Examensarbete, LTU 2010

http://pure.ltu.se/portal/files/32449797/LTU-EX-2010-32441330.pdf



 

a=-1400, b=1420, r=t=5,168 
   (m=10kNm, s=418,8kNm) 

a=-837,6, b=857,6, r=t=7,692 
(m=10kNm, s=209,4kNm) 
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Concrete Strength

Thomas Bayes, 1702-1761, a Brittish mathematician and 
Presbyterian minister, known for having formulated Bayes' theorem, 
which now often is used to update results in statistical evaluations of data

Bayesian updating
Compare strengths from tested
drilled out cores to the values from
other series from the same site 
in order to adjust 
standard variations



0
1
2
3
4
5
6
7
8

2B1g 2B1 2B2g 2B5g 2B3g 2B4g

Lastkombination

Sä
ke

rh
et

si
nd

ex
,

Realistisk variationskoefficient
Hög variationskoefficient

0
1
2
3
4
5
6
7
8

2B1g 2B1 2B2g 2B5g 2B3g 2B4g

Lastkombination

Sä
ke

rh
et

si
nd

ex
,

Realistisk variationskoefficient
Hög variationskoefficient

Safety Index Metod
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259 pp
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WP3

Main deliverable

NDT Toolbox 

More than 40 methods 
described with usage 
and limitations. Paper 
and electronic versions 
available.
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93 pp
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WP5

One year monitoring at the Stork Bridge 
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Strain monitoring at the Keraesjokk Bridge
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WP5

Online: www.electronics.oulu.fi/sustbridge

Prototypes were developed:
– Crack sensor
– Bragg grating sensor
– Time of flight sensor, tested at Revonlahti Bridge
– Wireless sensor network
– Dynamic exciter
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WP5

One year monitoring at the Stork Bridge 
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Strain monitoring at the Keraesjokk Bridge



Visual Guideline
137 pp
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First step: Selection of Materials
Concrete Metallic Masonry

Box girder Trough Beam/Slab Arch 

Second step: Selection of bridge type e.g. of  r. c.

Columns 

Composite Beams 
Or/and structural elements 

WP6
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View Section 

Section 

A

B

B A

A

Photo(s) 

Third step: Strengthening needs – a detailed description

This is then related to method 
descriptions and case studies

Method 
Descriptions 

Case Studies 

Easy to add-on 
• Additional Methods
• Case studies
• Design examples
• Results from monitoring
• Damages

WP6



Plates
Sheets

Rods
• Prestressed
• Non prestressed

Grids, Mineral Based 
Strengthening Systems

Different CFRP strengthening systems

WP6
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Strengthening of the Frövi  Bridge

Anders Bennitz, Björn Täljsten, Luleå University of Technology



Choice of strengthening

Traditional technique

New technique

Remove Remove

CFRP tube Ø32 t4 mm

NSM bar 10x10 mm

Laboratory test



Paris 26-27 

Insertion of tubes

11 holes
9 m long
1.3º vertical angle
± 15 mm vert.
± 85 mm hor.

Automated drill in progress

Exit of drillhead Inserted tube ready for sealing
and vacuum injection



Förspänd kolfiberarmering 
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Anders Bennitz, Disputation18 Feb 2011: 
Externally Unbonded Post-Tensioned CFRP Tendons – A System Solution
http://pure.ltu.se/portal/files/32469379/Anders_Bennitz.Doc2011.pdf



Field Tests
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Testing of a strengthened R C Bridge 2006 in 
Örnsköldsvik
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Overview – Boundary Conditions
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We are all optimists
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Eurocode 2 / BBK04

VRd,s = Asw fywd (z cot )/s

where:
• Asw is the cross sectional area of the 

reinforcement ( 804 mm2, 4 Ø16, two hoops)
• fywd is the design yield strength of the shear 

reinforcement
• z is the inner level arm (900 mm = 0,9 d)
• is the angle between the concrete 

compression strut and the beam axis (min 21.8o)
• s is the spacing of the stirrups (300 mm)
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Linear and nonlinear 3D FEM Model
Brigade and French Code

Arto Puurula, LTU/ Savonia Univ.
Benjamin Richard & Christian Cremona, LCPC, Paris 
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Deflections due to permanent loads and to a point load.
Jan Olofsson et al, Skanska

Linear 3D FEM Analysis with Lusas
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Non-linear 2D FEM-model with Atena
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Max. Principal Strain showing Damage Localization
Jan Cervenka, Prague, Javier Quesada and Gabriel Sas LTU
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Modified Compression Field Theory, Mike Collins et al
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Midnight at test site
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Sawing for Strengthening with
Near Surface Mounted CFRP Rods
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Strengthening procedure
Björn Täljsten et al
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Final test

July 6, 2006
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Displacements and Strains
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Strain profile in the east beam under the load at line 4.
Compressive concrete strains in the top.
Tensile strains in the steel and carbon fibre reinforcement in the lower part.
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Stirrup rupture
after yielding



Video clip
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Predicted Load-Carrying Capacity

• Eurocode 2, = 30o P = 6,1 MN
• Eurocode 2, = 22o P = 8,8 MN
• MCFT, Response, 30o P = 8,7 MN
• 2D Non-lin, Atena, 30o P = 10,8 MN
• Test, 30o P = 11,7 MN
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Reserve Capacity
The failure load 1170 ton corresponds to 
1170 ton / 25 ton  47 axles 

The span of 12 m has only room for 4 axles 
47 axles /4 = 11,7 carriages (on top of each other)

The strengthening gives approx. 25 % of the capacity, 
so without strengthening we have a capacity of 
approx. 34/4 = 8,5 carriages



A little more than the design case
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Conclusions – Bridge Test
• SB methods have been successfully tested for 

– inspection and condition assessment,
– load carrying capacity predictions, 
– strengthening and monitoring  
of a 50 year old reinforced concrete trough bridge.

• A failure in combined shear, bending and torsion was 
reached for P = 11,7 MN.

• The failure was initiated by rupture of a stirrup after 
yielding in stirrups and longitudinal reinforcement.

• The failure load was close to predictions with SB 
methods and 20 to 50 % higher than common methods. 

• The test verifies that the anticipated failure mechanism 
was correct. This is sometimes not the case.  
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WP9



Management



Cost saving



En jämförelse  mellan
• 12 befintliga betongbroar 

i Norrbotten
• 3 projekterade 

limträbroar
• 3 projekterade rörbroar





Implementing of results from
Sustainable Bridges

• Course in Non-Destructive Testing (NDT) and
monitoring, 14-15 May 2008 in Ängelholm

• Workshop on Repair and Strengthening, 26-
27 May 2009 in Paris 

• Two workshops on assessment of existing 
bridges: 
- Paris 7-8 September 2010 
- Frankfurt 2-3 November 2010

• UIC Code 778-4 Inspection of Bridges 
• UIC Code 778-2 Steel Bridge Assessment 

(Planned)



Conclusions

• We should further investigate the hidden
strengths and weaknesses of structures. Full 
scale tests to failure is one approach.

• Good assessment methods are available but we 
need more data on deterioration and 
environmental impact to be able to make 
reliable whole life assessments.

• By monitoring and strengthening we can 
extend life length - up to a limit. We must also 
start to exchange old structures.



Current and Future Needs

• There a significant “hidden strength” in the 
majority of the European bridge stock

• We must now repair and strengthen more 
bridges instead of replacing

• The result from Sustainable Bridges shows it 
is possible in most cases

• The most difficult question is that it takes so 
long time to implement results from R&D



Thanks for your kind attention!
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Thank you for your kind attention

The “Harry Potter Bridge” at Glenfinnan in Scotland built in concrete with 
no reinforcement by sir  Robert McAlpine (“Concrete Bob”) in 1897-1901. 
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Project Consortium with 
32 partners 
from 12 countries

6 railway partners:
Banverket, RHK, NR, 
DB, SNCF and PLK

3 UK Partners:
Network Rail
City University
Salford University

www.sustainablebridges.net



In conclusion, all the three specific goals for the project
have been met!
Achievements
Increased load-carrying capacity by better assessment,
monitoring and repair & strengthening methods;
The results have been tested and demonstrated on several
bridges in order to promote better engineering solutions which
will produce savings throughout Europe.

Further work
Management Systems;
Life Cycle Costs
Failure – mechanisms - More Full Scale Testing


