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Abstract 
Some old bridges have a truss between the bottom flanges not intended for torsional effects but for 
transferring horizontal forces. This paper describes the effects of the truss on torsion for a 
Norwegian three span bridge from 1967, without composite action. Furthermore, the effects of 
post-installed shear connectors are investigated.  

For composite bridges without intended composite action in bending, the effects of the slab 
preventing the top flanges from moving laterally should not be ignored, since this is important for 
the deformations of the girders under eccentric loading. Furthermore, the load distribution between 
the girders for an eccentric load is significantly enhanced if the horizontal truss is considered. The 
paper also investigates and presents the effects of post-installed shear connectors, with respect to 
bending stresses in the bottom flanges (moderate effects) and the top flange (large effects). 
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1 Introduction 
The highest loads Norwegian roads are exposed to 
are mainly due to industrial timber harvest and 
special heavy transports. To increase redundancy 
and relax the most utilized routes, some of the 
roads are analysed and sometimes upgraded to 
accept higher load capacities to match the demand 
of the industry. Bridges being part of this network 
are often the bottlenecks of specific routes. The 
Norwegian Public Road Administration (NPRA) 
specifies requirements for classification of bridges 
for the specific uses. Classes are defined for bridges 
that have about 50 years or less remaining of the 
100-year lifetime. The heaviest class for timber 
lorries allows for 60-tonne total load with 10-tonne 
axle load, referred to as Bk10/60, whereas 
requirements for special heavy transport falls into 

class Sv12/100 that requires the bridge to tolerate 
a 100-tonne total load with 12-tonne axle load. 
Load cases are defined more in detail in Handbook 
V412, [1]. 

Old bridges of different types are continuously 
assessed by bridge managers and the NPRA to 
update their classes. In the Norwegian road 
network, there are over 1700 steel girder bridges 
with a concrete deck without an intended 
composite action with the steel girders. The NPRA 
advises conservative assumption that the steel 
girders resist entirely the permanent and variable 
loads acting on the bridge. Many of these bridges 
can be reinforced by establishing a shear 
connection between the steel girder and the 
concrete deck to enable composite action.
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Figure 1.  Overview of bridge location, taken from north

2 The bridge in general  
The Østre Trøsken bridge was built in 1967. The 
construction is a welded steel girder bridge with 
two identical girders in three spans and a concrete 
deck consisting partially of prefabricated elements. 
The total length of the bridge is 96m with the 
longest span being 51m for the center span, see 
Figure 5. The girders are aligned on top of the top 
flange and the cross-section varies in height and 
thickness with bolted splices. The bridge is slightly 
skew in the longitudinal direction and the girders 
are placed at slightly different heights. The 
difference in height is compensated by the 
concrete deck being built-up to result in a 
transversally horizontal deck. 

The two girders are designed with horizontal cross 
bracings close to the bottom flange, see 

Figure 2, and vertical cross bracings at various 
locations including at the internal supports. These 
members 

 

are also bolted to the girders by means of bolted or 
welded stiffener plates. The horizontal bracing is 
designed with trusses in a X-shape. This means that 
the bracing could contribute to the global bending, 
due to its shape [2].  

The bridge is highly utilized due to the long mid 
span and rather slender members. Several 

Figure 2. Elevation and configuration of the horizontal bracing. 
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measures were considered including instatement 

of a pillar at midspan, but this presented significant 
environmental issues with regards to local diversity 
and river flow. For the new load picture, 
preliminary analyses showed the bridge has 
strength issues at midspan of the center span and 
over the internal supports.  

The Handbook V412 [1] and V413 [3] require that 
the capacity of steel bridge components is verified 
according to NS 3472, September 2001 and does 
not allow the use of cross-section classes 1 and 2, 
meaning no plastic moment distribution is 
considered in the cross-sections. An evaluation of 
the strength by consulting company Norconsult 
shows the moment capacity is limited by plate 
buckling of the flanges at both critical locations. In 
addition, the cross-sections at the supports also 
present an issue with shear buckling of the web 
plates. 

To solve the issue at midspan, the suggested 
strengthening consists of achieving composite 

action by welding headed shear studs on the center 
span over approximately 38m centered at 
midspan. Additional reinforcement of the bottom 
flanges is also required where composite action is 
achieved to fulfill the steel strength criteria. 
Composite action leads to a redistribution of the 
moment giving lower bending moments over the 
pillars. The difference in moment distribution is 
illustrated in Figure 3 for a uniform distributed 
load. Where the red moment distribution is for the 
design without composite action and blue is with 
composite action in the mid span. It is also 
proposed to reinforce the steel girders by bolting 
angle bars on the web, increasing moment and 
section buckling resistance. Shear strengthening 
has not been concluded yet. 

3 Geometry and materials 
The bridge deck is skewed at its ends with an angle 
around 21 degrees. The main dimensions and 
characteristics of the bridge are summarized in 
Table 1. The bridge has a spacing of 5.3 m between 
the I-girders, see Figure 4 

 

 

 

 

 
Figure 4. Bridge cross section. 

 

Table 1. Information of the bridge 

Year of build 1967 

Figure 3. Moment distribution with two cases. Red: without composite action in mid-span, Blue: Composite action 
in mid-span. 
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AADT* 1595 with 9% of heavy 
vehicles 

Length of spans 20 m – 51 m – 25 m 
(west to east) 

Free width (total with) 7.0 m; (8.3 m) 

Height of steel girders 0.88 m to 2.30 m 

Yield strength, fy 355 MPa (OX 522D)** 

Compressive strength 
of concrete slab 16.8 MPa 

Thickness of concrete 
slab 

220 mm to 265 mm 

* Average annual daily traffic, AADT 

** Steel from Oxelösund 

4 Properties and modelling 
The proposed solution for strengthening the bridge 
consist of achieving composite action and adding 
additional steel to increase the bending resistance 
of the cross section. The different parts of the cross 
sections are furthermore investigated and 
evaluated by its effect on both the structural 
behaviour of the bridge and the capacity of the 
cross section. The bridge is modelled and analysed 
for these four configurations: 

1. Original design 
2. Without the horizontal bracings 
3. With composite action over the whole 

bridge 
4. With composite action over the midspan, 

as chosen in the strengthening design 
proposal. 

The effects from the different configurations are 
considered in the evaluation. These effects are, the 
vertical and horizontal displacement over the 
bridge length, the steel stresses in mid span on 
both girders and the max-/minimum normal force 
in the bracings are considered in the analysis.   

The analysis is done with FE-models modelled in 
the FE-analysis program SOFiSTiK, with shell 
elements. The materials are taken from Table 1. 

4.1 Cross sections 

The bridge consists of two steel I-girders with 
additional plates on the flanges in mid- and support 
areas. On older plated steel girders additional 
plates were used to increase the flange area. These 
additional plates were used due to the limitation in 
rolling thickness from the steel plants in the Nordic 
countries at this time. In addition to the additional 
plates on the flanges, diagonal plates under the top 
flange have been used in the design, see Figure 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The girders are also strengthened for buckling at 
support areas with longitudinal web stiffeners. 
Between the I-girders a horizontal bracing is 
fastened in the areas of the internal supports and 
out in the quarter area of the spans.   

4.2 FE-modelling 

As mentioned, the FE-program SOFiSTiK is used for 
the modelling and analysis of the different bridge 

Diagonal plate 

Longitudinal 
stiffener 

Additional plate 

Figure 5. Explanation of the plates in the I-girders 
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configurations. The model is built up by shell 
element, beam elements (trusses and cross beams) 
and the original drawings have been used to 
identify including steel plates. Some simplifications 
have been done in the modelling design. The 
concrete area above the internal supports is 
designed as cracked by reducing the Elastic 
modulus so that the concrete area is equal to the 
longitudinal reinforcement. This is done over a 
length of 15 % of the spans. For this bridge a more 
exact estimation should be done because of the big 
ratio between the mid span and end spans. 
According to the EN the limit of the ratio between 
the spans is around 0.6 [4]. This means that this 
bridge should be analysed and where the extreme 
fibre tensile stresses in the concrete exceed twice 
the strength fctm or f|ctm the concrete should be 
modelled as cracked in the global analysis.  

The beam joints plates and bolts are not either 
modelled. This has no impact on the result but in 
comparison of the dead load of the steel and the 
steel specification it is a difference of 2-3 %. The 
total amount of steel is around 84 tonnes.  

The FE-model in SOFiSTiK includes as mentioned 
the whole structure, see Figure 6 and Figure 7, 
including the edge beams, which are assumed to be 
cracked along the whole length. The beam 
elements representing the cross beams and 
horizontal bracing are connected directly into the 
shell elements representing the web plates. The 
stiffness from the connection plates in the 
connection joint is there for disregarded, but that 
should only influence the results by a margin.  

 
Figure 6. FE-model of the whole structure including 

the global coordinate system. 

 
Figure 7. FE-model of the including steel elements, 

shells and beams. 

The interface between the concrete deck and steel 
girders is modelled with line constrains between 
the two shell elements (centre of the web and to 
the centre of the concrete shell element). This 
constrain is modelled with stiffness in the 
corresponding horisontal directions for non-
composite and composite action. However, for the 
non-composite action the stiffness in the 
transversal direction is modelled stiff. This because 
of that it is more to the reality, compared to the 
theoretical non-composite interface which should 
give no stiffness in both directions in the horizontal 
plane. In Figure 8 a schematic illustration of the 
connection between the interface of steel and 
concrete.  

 
Figure 8. Illustration of the connection between 

the two elements (steel concrete). 
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4.3 Load for the analysis 

To test the different configurations and to see the 
bridge behaviour an eccentric point load of 1 MN is 
used. The point load is placed on top of the centre 
of girder, indicated as girder no.1, G1. This load will 
give the relation of the load distribution between 
the girders, stress distribution and displacement of 
the girders in the mid-section and the normal 
forces which occur in the horizontal bracing due to 
the torsional moment in the section. The load is 
placed in the middle of girder no.1 which is not the 
centre of the bridge due to the slanted abutments 
and support lines. The values of the analysed 
results are however from the section at the centre 
of both girder no.1 and the girder no.2.  

 
Figure 9. Placement of the point load on girder no.1. 

5 Results 
The results from the analysis of the four models of 
the different bridge configurations (M1-M5), are 
tabulated in Table 2 and Table 3. Results from a 
fifth configuration is shown in Table 3. M5 shows 
the results from a configuration of the original 
design but without any transversal composite 
action between the girders and the concrete deck. 
Explanation to the indexes in Table 2 and Table 3 
can be found below with the corresponding units 
to the measured values.  

top  – Nominal stress in top flange centre, 
[MPa] 

bottom – Nominal stress in bottom flange centre, 
[MPa] 

y,top   – Out of plane displacement at top flange,   
[mm] 

y,bottom  – Out of plane displacement at bottom 
flange, [mm] 

z  – Vertical displacement, [mm] 

Nmax  – Maximum normal force in truss, [kN] 

Nmin  – Minimum normal force in truss, [kN] 

 

Table 2. Results for configuration 1-2 

 M1 M2 

 G1 G2 G1 G2 

upper -231 -43 -233 -41 

lower 156 62 172 46 

y,upper -19 -19 3 3 

y,lower 2 -1 40 40 

z 147 60 162 46 

Nmax 148 - 

Nmin -126 - 

   

Table 3. Results for configuration 3-4 and 5 

 M3 M4 M5 

 G1 G2 G1 G2 G1 G2 

upper -33 -2 -50 1 -225 -46 

lower 125 41 145 51 167 49 

y,upper 1 1 -15 -14 -44 -41 

y,lower 5 3 1 4 -12 -14 

z 57 28 98 39 -149 -54 

Nmax 182 124 19 

Nmin -186 -120 -19 

The stress distribution in G1 from the analyses and 
with the five different configurations is 
summarised in Figure 10. The distribution is 
showed from the two stress values in the flanges, 
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which means that the distribution is disregarding 
any out of plane stresses. 

 
Figure 10. Stress distribution in G1 at the middle of 

the mid span from the results in M1-M5.  

6 Conclusions 
Some concluding remarks about the results from 
the comparison analysis are listed below. Some 
conclusions regarding strengthening principals of 
this bridge and strengthening in general for other 
composite bridges are also listed. 

 There are many steel-concrete bridges 
which could gain from being strengthened 
from an economical point of view. 
 

 The composite action in the transversal 
direction must be included. The horisontal 
stiffness in the transversal direction for the 
interface between the steel flange and the 
concrete deck are essential for the 
analysis. Without this stiffness the real 
behaviour of the bridge would not be 
captured. 
 

 Achieve composite action in the mid span 
only can give enough increase of the 

bending resistance for the mid sections of 
the bridge, with respect to stresses in the 
top flange. 
 

 The stress in the bottom flange will not 
decrease so much from achieved 
composite action of the cross section. 
 

 All bridges are not designed to resist 
torsional moments. The wind bracings can 
make significant difference for a bridge like 
the Østre Trøsken bridge. The behaviour of 
this kind of bridge will nowadays be 
captured by any FE-modelling.  
 

 The suitable strengthening methods differs 
a lot between bridges of this type and the 
strengthening at different sections for the 
same bridge. The strengthening technique 
for the support areas is not necessary the 
most beneficial method for the mid 
sections. 
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