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Abstract. When strengthening existing I-girder composite bridges one idea is to make the 

cross section act like a box section, by adding a horizontal truss between the bottom flanges. 

This means that eccentric loads produce a torque that is transferred by shear forces around the 

section. The magnitude of the effects coming from introducing such a framework between 

girders is addressed in this article. The fatigue resistance will be improved by the reduced 

stress ranges and increased amount of tolerated load cycles and extend the lifetime of the 

details, and by so the lifetime for the bridge. The work described in the paper is part of the 

European R&D project Prolonging Life Time of Old Steel and Steel-Concrete Bridges 

(ProLife), RFCS 2015-00025. 

1.  Introduction 

Many old I-girder steel/composite bridges are too weak and in a need of replacement, repair or 

strengthening. 

The rules for assessment/classification vary between the European countries. In addition, newer 

bridges designed according to the Eurocodes for example often give much tougher design in fatigue, 

which for example can give twice as large bottom flange in mid span than the old Swedish codes, 

which means that very few of the old bridges would survive a check with the Eurocodes for new 

bridges. 

For symmetric I-girder bridges the loads from the weight of the steel and concrete are generally 

evenly distributed between the girders, just as for box girder bridges. For bridges consisting of two I-

girders the concrete deck is often considered as simply supported in the transverse direction on top of 

the girders, meaning that a concentrated load on top of one girder will be distributed to only that 

girder, with no help from the second girder. In reality the torsional stiffness of the deck and the 

warping stiffness of the whole composite section however transfer some of the load so the real 

distribution can be about 90 % for the loaded girder and 10 % for the other, depending on the 

geometry of the bridge. For a box section this is not the case, the both halves parts of the box share the 

eccentric loads almost equally [1]. 

When strengthening existing I-girder composite bridges, one concept is to make the cross section 

act like a box section, by adding a horizontal truss between the bottom flanges. This means that the 

eccentric loads produce a torque that will be carried by shear forces around the section. The preferred 

type of truss is a K-truss, since other types will force the diagonals to take part in the global bending, 

which will make them sensible to buckling between the joints. This means a lot in the Ultimate Limit 

State (ULS), but even more in the Fatigue Limit State (FLS). In the FLS the fatigue is determined by 

the stress ranges in certain parts of the structure, for instance the welded details of an I-girder. If the 

girders can act together, sharing the moment from an eccentric load evenly should a lower stress range 

can be achieved. The increased amount of load cycles that the bridge can withstand, with the new 

distribution between the girders (70/30) can be up to six times, compared to an un-strengthened bridge 

with the distribution (100/0) [2]. 

 



 

 

 

 

 

 

 
Figure 1. Deflection corresponding to different type of cross section.  

2.  Case study of the Pitsund Bridge 

The Pitsund Bridge is a seven span bridge, with a total length of 399 m and a free width of 9 m, 

located  in  the  northern  part  of  Sweden  outside  the  city  of  Piteå. In  six  of  seven  spans,  the  

superstructure  consists  of  steel  girders  with  a  concrete  deck  slab  on  top.  The  seventh  span is a 

movable span, designed as a bascular bridge with two leafs.  

This bridge was chosen for the case study with the strengthening method of a horizontal truss. The 

bridge has three different types of cross-section compositions. The first part which was strengthened in 

2006 with coiled spring pins to achieve composite action. The second part which was original 

designed as a composite cross section with welded shear headed studs in 1984. The last span is a non-

composite section with steel I-girders and a concrete deck with only a few anchoring rebars that 

connect the steel and the concrete.  

The part chosen for this case study is the last one, indicated in red in Figure 2. This span is today 

like said without any composite action between the girders and the deck. The idea is that if a 

strengthening should be needed for this part of the bridge, the first part of the strengthening should be 

with the same method used in the first span, with the coiled sprig pins. There after the bridge could be 

strengthened further with a horizontal truss. The composite action provided by the coiled spring pins is 

essential for the cross section with the horizontal truss to work as a box section. This is because of that 

the non-composite cross section should be useless to be strengthened by a horizontal truss. Without 

composite action between the steel and the concrete the cross-section would theoretically still be an 

open cross section instead of a closed section which is the whole idea with the truss between the 

bottom flanges. In this case study is therefore assumed that this part of the bridge is a composite cross 

section. 

 
Figure 2. Elevation drawing of the Pitsund Bridge. 

 

This part of the bridge is a continues bridge in two spans both 45 m long with a total length of 90.6 

m including 0.3 m extension of the girders in both ends. The elevation drawing of the steel girders in 

these spans is shown in Figure 3. 



 

 

 

 

 

 

 
Figure 3. Elevation drawing of the chosen part for the case study. 

 

The cross-section consists of two steel I-girders with a non-composite deck slab on top. Figure 4 

illustrates the typical steel cross-section for this part of the bridge. The distance between the centre 

lines of the webs is 4.5 m, and the height of the steel section is ~2.4 m.  

 
Figure 4. Typical cross-section of the superstructure for the chosen part of the bridge. 

 

2.1.  FEM-modelling 

The FE-model and the analysis are made in the program ANSYS and the model consists of a 

concrete slab which is modelled by 8-node solid elements. The steel girders are modelled by 4-node 

shell elements and the cross-beams and horizontal trusses are modelled by beam elements. In Figure 5 

the model is showed with different colours for the steel girders illustrating the different dimensions in 

the cross sections. 



 

 

 

 

 

 

 
Figure 5. Bridge from below, no cross beams are showed. 

 

The meshing of the model and the configuration of the cross beams are illustrated in Figure 6 and 

Figure 7. 

 

 

 

Figure 6. Bridge segment of the bridge 

from the above, no horizontal truss is 

showed. 

 Figure 7. Bridge segment of the bridge 

from the below, no horizontal truss is 

showed. 

 

3.  Strengthening with a horizontal truss  

Three types of shapes for the horizontal truss between the lower flanges are analysed in this study.  

 

 K-shaped horizontal truss, see Figure 8 

 X-shaped horizontal truss, see Figure 9 

 D-truss, the truss is with diagonal beams between the lower flanges, see FIGUREE 

 



 

 

 

 

 

 

 

 

 

Figure 8. Bridge segment, from beneath, 

horizontal K-truss, RHS 200 x 200 x 10 

 Figure 9. Bridge segment, from beneath, 

horizontal X-truss, RHS 200 x 200 x 10. 

 

 
Figure 10. Bridge segment, from beneath, horizontal D-truss, RHS 200 x 200 x 10 

 

4.  Fatigue load 

The fatigue vehicle used in this case study is the fatigue load model 4 [3]. For this study however 

the main aim is not to validate the fatigue damage but how much the stress from the fatigue load can 

be decreased by the strengthening method with horizontal truss. 

Two main fatigue details are checked for unstrengthen and strengthened models. The first, located 

66 m from the left (support 6), is the web stiffener, see Figure 11 and Figure 12. The other fatigue 

detail is the on-site welded joint, see FIGUREE AND FIGUREE, which is located at 76 m from 

support 6. 

 

 

 

Figure 11. Load case for maximum stress at 

point 66 m from support 6. 

 Figure 12. Load case for minimum stress at 

point 66 m from support 6. 

 



 

 

 

 

 

 

 

 

 

Figure 13. Load case for maximum stress at 

point 76 m from support 6. 

 Figure 14. Load case for minimum stress at 

point 76 m from support 6. 

 

Figure 16 illustrates the fatigue detail of transverse splice, used for on-site welded joints, EN 1993-

1-9, Table 8.2. 

To be able to get the maximum stress amplitude from the fatigue load two cases for each fatigue 

detail must be tested. The first load case gives the maximum stress and the other the minimum stress. 

The loads where placed according to the influence line to get the highest respectively the lowest stress 

in the detail. The vehicle load was placed as far out as possible, which means 0.5 m from the edge of 

the traffic lane, wheels furthest out was 4 m from the center line of the bridge. 

 

 
Figure 15. Detail classes according to EN 1993-1-9, for web stiffeners. 

 

 
Figure 16. Fatigue detail of transverse splice, used for on-site welded joints, EN 1993-1-9, Table 

8.2. 

  

   

5.  Results for the case study 

The results from Pitsund Bridge are summarized below. The stress range for the location at x=66 m 

where the fatigue detail are located are listed in following tables. The result for the other location x= 

76 m is not presented further in this article due to that it shows the same type of results. Some short 

explanation for the indexes follows: 

 


1

m  - stress range, in case of membrane stresses, in the most loaded girder 

 


2

m  - stress range, in case of membrane stresses, in the girder which not has the load directly 

above 

 



 

 

 

 

 

 


1

m+b - stress range, in case of membrane stresses + lateral bending stress, in the most loaded            

girder 

 


2

m+b - stress range, in case of membrane stresses + lateral bending stress, in the girder which not 

has the load directly above 

 

The analysis is based on cracked concrete above the internal support, which is the design case for 

new bridges. The assumption is that the length of the cracked concrete is 15 % of the span length on 

both sides of the internal support; the assumption is according to the norms in EN. 

 

Table. 1 Stress ranges bottom flange at x=66 m based on cracked concrete above internal support,    

loads at lateral coordinate z = 4 & 2 m except for No truss, centric load for which z = 1 & -1 m.  

Beam 1 is the most loaded beam. 
Analysis 1

m  
[MPa] 

1

bm
 

[MPa] 

2

m  
[MPa] 

2

bm
 

[MPa] 

21

mm  
 

[MPa] 

D 100 x 100 x 5 34.8 38.5 14.0 15.6 48.8 

D 200 x 200 x 10 30.0 32.5 18.6 19.0 48.6 

K 100 x 100 x 5 35.1 39.6 14.2 19.3 49.3 

K 200 x 200 x 10 30.2 32.8 19.0 21.9 49.2 

X 100 x 100 x 5 32.3 33.1 16.9 23.9 49,2 

X 200 x 200 x 10 28.7 30.6 20.6 25.6 49.3 

No truss 45.4 49.8 3.8 8.3 49.2 

No truss, centric 

load 
24.7 24.8 24.7 24.8 49.4 

 

5.1.  Improvement of stress ranges and estimated life time with respect to fatigue 

The stress ranges for the strengthened models are here compared with the model without trusses.  

 

Table. 2 Ratio of membrane + lateral bending stress for 

truss to no truss, most loaded beam, cracked above 

internal support, x =66 m 
  

Analysis 
1

bm
 

[MPa] 
Ratio 

D 100 x 100 x 5 38.5 0.77 

D 200 x 200 x 10 32.5 0.65 

K 100 x 100 x 5 39.6 0.80 

K 200 x 200 x 10 32.8 0.66 

X 100 x 100 x 5 33.1 0.66 

X 200 x 200 x 10 30.6 0.61 

No truss 49.8 - 

 

6.  Conclusions 

The main purpose of the work carried out in this report has been to further analyse the effect from a 

horizontal truss system that has been added between the bottom flanges of the main I-shaped girders in 

a composite bridge. The main idea of applying these extra bracing members is that the connection of 

the two main girders will change the overall behaviour of the bridges from more or less two 

independent girders to a “box girder bridge” meaning that an eccentric load can be carried by a 

combination of bending and torsion in the box girder rather than “pure bending” in the loaded girder 

only. 



 

 

 

 

 

 

Based on the results of the analyses of the Pitsund Bridge, the following results are found: 

 

 The increased life-time for the fatigue detail in x=66m (web stiffener) on Pitsund Bridge 

various between 2.5 to 12 times depending on the configuration and amount of the 

horizontal truss. 

 All three types of horizontal trusses are almost equalled efficient for purpose of distribute the 

eccentric load between both girders.  

 Without any additional web stiffeners at the locations for the connection of the bracing the 

global stiffness contribution is limited, even for X-bracings which would have given a 

decreased stress in total for the global bending. 

 Important note, to have any use of this horizontal truss the part of an old bridge without 

composite action it would first be needed to be strengthened with post installed shear 

connectors, for example with welded shear connectors or coiled spring pins. 
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