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It can be observed that the impact of the angle is 
moderate; in general, the most critical case is at 
around 20°, whereas at higher angles the stress 
peak does not tend to increase. In any case the 
difference remains in a range of 10%. 

Since only one gusset plate geometry was used it 
was easier to apply for this analysis the procedure 
defined in [2]. Since the mesh had been calibrated 
as explained in Figure 9, the difference between 
the stress peaks taken as FEM output and the 
analytical rule given in [2] is less than 6% for the 
position 3, and less than 4% for position 1 and 2. It 
is anyway reminded that the analysis have not 
explicitly model a realistic shape of the weld itself, 
and the results are taken for sake of qualitative 
comparison between different geometries. 

 

 
Figure 16. Extract of [2] 

 

4 Conclusions 
The results obtained in the numerical simulations 
presented in this paper have been used with the 
purpose to orientate the designer amongst 
different possibilities of gusset plates for 
application to H rolled sections. The shape advised 
by the authors is showed in Figure 17 and it is 
considered the best compromise.  

In the frame of a first estimation the notch stress 
factor in the base material of the gusset plate can 
be taken on the safe side as 3.4 (comparable with 
the results in the literature for comparable cases, 
e.g. see Chart 5.10e of [1]). More detailed analysis 
will deliver more accurate considerations and are 
needed for detailed design.  

For the weld location between the gusset plate and 
the arch, the interaction of local effects with global 
stresses in correspondence of the weld shall be 
considered. The case of the gusset plate 
perpendicular to the arch axis is covered by the 
current standards; for other cases designers shall 
take safe assumptions or perform advanced 
analysis.  

 

 
Figure 17. Proposed shape of the gusset plate in 
correspondence of the H rolled shape connection 
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Abstract 
Bolted girder connections resist applied bending moment through the cooperation of flange and 
web resistances. To utilize the bending plastic capacity of the girder connection at the ultimate limit 
state, the bearing capacity of the girder connection should be defined by the cooperative resistance 
and the ductility of bolt hole deformation. In the present study, pure bending test of plate girders 
bolted connection has been conducted to evaluate quantitatively the resistance and the ductility of 
the connection. From obtained results, it was found that the overall slip would not occur until the 
bolt group in the web other than around the neutral axis reaches their slip strength. In addition, 
overall slip strength formula with a 5% discrepancy from the experimental results has been newly 
proposed. As for the deformation capacity, it was found that the flange bolt hole deformation was 
about 10% of the bolt diameter at the design full plastic moment. 

Keywords: girder bolted connections; high-strength frictional bolted joints; slip limit state; bearing 
limit state; cooperative resistance mechanism 
 

 

1 Introduction 
Flange and web splices of girder connections are 
designed individually in general design codes such 
as Eurocode 3 [1] and Japanese Specifications for 
Highway Bridges [2]. However, actual girder 
connections resist the applied bending moment 
through the cooperation of flange and web 
resistances [3,4]. Although AASHTO (American 
Association of State Highway and Transportation 
Officials) LRFD Bridge Design Specifications [5] 
include the cooperative resistance mechanism, 
details of the cooperative resistance mechanism 

are not clear due to the lack of enough data on the 
influences of the various structural parameters. 

However, cooperative resistance exists at both the 
slip and bearing limit states. Furthermore, to utilize 
the bending plastic capacity of the girder 
connection at the ultimate limit state, the bearing 
capacity of the girder connection should be defined 
by both the cooperative resistance and the ductility 
of bolt hole deformation. 

In the present study, pure bending test of plate 
girders bolted connection, having various 
magnitude of flange bolt tension and various 
number of a bolt-column at web splices, has been 
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