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ABSTRACT 

To calibrate methods for condition assessment of prestressed concrete (PC) bridges, tests were 

carried out on a 55 year old five-span bridge with a length of 121 m in Kiruna in northern 

Sweden. Both non-destructive and destructive full-scale tests were performed. This paper 

presents results regarding the residual forces in the prestressed reinforcement. 
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1.  INTRODUCTION 

1.1 General 

Assessment, repair and strengthening of existing bridges are required in order to meet current 

and future demands on sustainability of existing infrastructure. For instance, a survey carried out 

within the project MAINLINE (2015) [1], indicated a need in Europe for strengthening of 1500 

bridges, replacement of 4500 bridges and replacement of 3000 bridge decks. It is believed that 

for some of these structures replacement can be avoided if more accurate assessment methods 

are used, see e.g. Sustainable Bridges (2007) [2], Nilimaa et al. (2016) [3] and Paulsson et 

al.(2016) [4]. 
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Figure 1. The Kiruna Bridge with road E10 to the right and Iron Ore Railway line to the left 

(2010-03-23). 

1.2  The Kiruna Bridge 

The test object, located in Kiruna, Sweden, was a viaduct across the European road E10, see 

Figure 1. It was constructed in 1959 as a part of the road connecting the city centre and the 

LKAB mining area. Due to underground mining, the entire area underwent excessive settlement. 

The owner of the bridge, LKAB, closed it in October 2013 and planned to tear it down in 

September 2014. Before demolition, the bridge was tested in a research project which will be 

discussed below [5]-[11]. 

2   PRESTRESSING FORCES 

There are some 850 prestressed concrete bridges in Sweden and they represent about 5% of the 

total amount of bridges maintained by Trafikverket [12]. When assessing prestressed concrete 

bridges, it is essential to take the current condition of the prestressing system into account. For 

instance, the quality of reinforcement protection (e.g. grout), steel corrosion and residual 

prestress force are all aspects that are crucial and require special attention, SB-LRA (2007) [13]. 

The residual prestress force influences the structural response both at the service-load and 

ultimate-load levels. By preventing cracks or limiting their formation, prestressing also reduces 

environmental exposure and, consequently, has a favourable impact on structures in harsh 

environments. However, there are often many uncertainties associated with the residual prestress 

force, especially after a longer time in service and, therefore, it can be useful to calibrate 

theoretically-based methods using experimental data from the assessed structure. 

Due to its expected use on full-scale bridge members reinforced with post-tensioned tendons, 

the saw-cut method was further investigated in Bagge (2017) [6]. The principle of the method is 

to measure the development of longitudinal strain at the surface (top or bottom) of a member 

when a block of concrete is isolated from the loads acting on it. The isolation is carried out 

gradually by introducing transverse saw-cuts on each side of the position of measured strains 

and the concrete block is regarded as isolated when increasing the depth of saw-cuts does not 

cause further changes in the strains at the measured surface. The saw-cutting can be simulated in 

a FE model by gradually removing FE elements corresponding to the saw-cuts in the 

experiments (see Figure 2). Therefore, using this method, it is possible to avoid any damage to 

the structure which might be difficult to repair. 



 

Figure 2. A part of a FE model for simulation of the strain distribution as saw-cuts are 

introduced transversally at the base of a concrete member (Bagge 2017) [6]. 

Figure 3 shows the results from the measurements on the south girder in Sections A close to 

midspan 1, indicating consistent measurements and also an incomplete isolation of the concrete 

blocks from the acting stresses, which would be characterised by a plateau in the response. In 

the tests the remaining prestress force varied between some 10 to 85% of the original prestress 

force of some 85% of the yield stress (a yield stress fy = 1600 MPa for the 32 wires of 6 mm in a 

cable in the BBRV System gives an intial prestress force of some 1300 kN/cable). 

     

Figure 3. Measured development of strains as function of saw-cut depth for non-destructive 

determination of the residual prestress force in the south girder, Left: Section A close to 

midspan 1. Right: Section D at midspan 3. Bagge (2017) [6]. 

 

4  SUMMARY AND CONCLUSIONS 

Tests have been carried out to check the remaining prestress level in 55 year old bridge. The 

level was found to vary between some 10 and 85 % of the original force of about 1300 kN/cable. 

Further research on assessment methods and life-cycle analysis of bridges should be carried out 

in order to get a more sustainable management. 

ACKNOWLEDGEMENT 

The authors gratefully acknowledge financial support from Trafikverket/BBT, LKAB/HLRC, 

SBUF and LTU. They also thank colleagues in the Swedish Universities of the Built 

Environment (Chalmers University of Technology in Göteborg, the Royal Institute of 

Technology (KTH) in Stockholm and Lund Institute of Technology (LTH) in Lund) for fruitful 



cooperation. The experimental work and a previous monitoring campaign was carried out in 

cooperation with staff of Complab at Luleå University of Technology. 

REFERENCES 

[1] MAINLINE. A European FP 7 research project 2011-2014 with 19 partners with the full 

name: MAINtenance, renewaL and Improvement of rail transport iNfrastructure to reduce 

Economic and environmental impacts. A project summary and 27 deliverables can be 

downloaded from www.mainline-project.eu  

[2] Sustainable Bridges – Assessment for Future Traffic Demands and Longer Lives. A 

European FP 6 Integrated Research Project during 2003-2007 with 32 partners. Four 

guidelines and some 35 background documents are available at 

www.sustainablebridges.net.  

[3] Nilimaa, J., Bagge, N., Häggström, J., Blanksvärd, Th., Sas, Gabriel., Täljsten, B., 

Elfgren, L. (2016). ”More realistic Codes for Exisiting Bridges”. 19th IABSE Congress, 

Stockholm 21-23 September 2016. Int. Assoc. for Bridges and Structural Engineering 

(IABSE), Zürich. Ed. by L. Elfgren, J. Jonsson, M. Karlsson, L. Rydberg-Forssbeck & B. 

Sigfid, pp 399-407, http://ltu.diva-portal.org/smash/get/diva2:1073956/FULLTEXT01.pdf 

[4] Paulsson, B., Bell, B., Schewe, B., Jensen, J. S., Carolin, A. &  Elfgren, L. (2016). 

“Results and Experiences from European Research on Railway Bridges” 19th IABSE 

Congress, Stockholm, 21-23 September 2016. Zürich, pp. 2570 – 2578.  ISBN 978-3-

85748-144-4. http://www.diva-portal.org/smash/get/diva2:1015045/FULLTEXT02.pdf  

[5] Bagge Niklas (2014). Assessment of Concrete Bridges: Models and Tests for Refined 

Capacity Estimates. Licentiate thesis. Luleå: Luleå University of Technology; 2014, 132p. 

http://www.diva-portal.org/smash/get/diva2:999497/FULLTEXT01.pdf 

[6] Bagge Niklas (2017). Structural Assessment Procedures for Existing Concrete Bridges. 

Implementation of experiences from tests to failure of the Kiruna Bridge. PhD thesis. 

Luleå: Luleå University of Technology; to be published. 

[7] Bagge, N., Nilimaa, J., Blanksvärd, T., & Elfgren, L. (2014). “Instrumentation and full-

scale test of a post-tensioned concrete bridge”. Nordic Concrete Research, 51, 63-83. 

[8] Bagge, N., & Elfgren, L. (2016). Structural performance and failure loading of a 55 year-

old prestressed concrete bridge. Paper presented at the 8th International Conference on 

Bridge Maintenance, Safety and Management (IABMAS), Foz do Iguaçu, Brazil. 

[9] Bagge, N., Nilimaa, J., Blanksvärd, T., Täljsten, B., Elfgren, L., Sundquist, H., and 

Carolin, A. (2016). Assessment and failure test of a prestressed concrete bridge. In "Life-

Cycle of Engineering Systems: Emphasis on Sustainable Civil Infrastructure", Ed. by 

Bakker, Frangopol & van Breugel, London, Taylor & Francis Group, ISBN 978-1-138-

02847-0, paper C134, Abstract p 194, Full paper on USB card pp. 1958-1063. 

[10] Bagge, N., Nilimaa, J., & Elfgren, L. (2017). In-situ methods to determine residual prestress forces 

in concrete bridges. Engineering Structures, 135, 41-52. 

[11] Nilimaa Jonny (2015) Concrete Bridges: Improved Load Capacity. Doctoral Thesis. 

Luleå:  Luleå University of Technology; 2015, 176 p. http://www.diva-portal.org/smash  

[12] Eriksson, Marika & Kjellholm, Linda (2005). Funktionsupprätthållande åtgärder för 

förspända betongbroar. En fallstudie av Nötesundsbron, (Maintenance of prestressed 

concrete bridges. A case study of Nötesund bridge. In Swedish) Examensarbete 2005:7, 

Betongbyggnad, Chalmers tekniska högskola, 102 sid. 

http://publications.lib.chalmers.se/records/fulltext/3783.pdf 

[13] SB-LRA (2007). "Guideline for load and resistance assessment of existing European 

railway bridges." Sustainable Bridges, 428 pp. www.sustainablebridges.net.   

http://www.mainline-project.eu/
http://www.sustainablebridges.net/
http://ltu.diva-portal.org/smash/get/diva2:1073956/FULLTEXT01.pdf
http://www.diva-portal.org/smash/get/diva2:999497/FULLTEXT01.pdf
http://www.diva-portal.org/smash
http://publications.lib.chalmers.se/records/fulltext/3783.pdf
http://www.sustainablebridges.net/

