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Combining expressions (3) and (5) we get: 

2

2 2
RBS

fc RBS

M wL
M M s

L s
     

                                       (6) 

In equation (4), fRBS represents the maximum expected stress that will develop in the RBS. Under 
cyclic loading conditions and large inelastic deformations, the value of this stress at the weakest 
RBS section may reach the ultimate strength fu. Hence, we chose maxfRBS = fu, covering in this 
manner the overstrength requirement of cl. 6.5.2, 6.5.5 and 6.6.4 of EC3 – Part 1-1 [2]. For an 
optimum connection as in Fig. 2, it is required that: 

, 0 and  minimumj Rd fcM M M M                       (7) 

In order to avoid a situation when ΔΜ becomes equal to zero, i.e. simultaneous failure of 
connection and RBS, a safety-overstrength factor is used in equation (6), which finally becomes: 

2
1.1
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RBS

fc RBS

M wL
M M s

L s
     

 (8) 

The second right-hand side term of the above is thereafter directly correlated to MRBS by writing 

fc RBS RBSM M M   (9) 

and the value of parameter μ is evaluated, so that it meets the following two characteristic 
requirements: (a) expression (9) to be valid for a wide range of beam lengths L and distributed loads 
w and (b) at the position where the 1st plastic hinge is formed, there will be no effect of shear force 
on the bending resistance, i.e.  

, 0.50Ed pl RdV V   (10) 

Since the acting shear is equal to VRBS and according to expression (9) we get 

 ,(4) pl b RBSRBS
Ed Ed

W ck fM
V V

s s


    (11) 

Taking into account that ,
3

V u
pl Rd

A f
V  and setting 3  , inequality (10) yields: 

, 0.5pl b v
W sA

c
k k

   (12) 

Given that for every beam section the quantities s, ,pl bW , Av and k are known, the only parameter to 

be calculated is γ. Furthermore, since 0.25 bc b one may evaluate the maximum values of γ. The 

final expressions for Mfc are found equal to: 

1.1 0.37    for IPE beams  ,  1.1 0.335  for HEA beamsfc RBS RBS fc RBS RBSM M M M M M     (13a,b) 

For the satisfaction of the 1st of the aforementioned requirements, Mfc is expressed as: 

1.1
2
RBS

fc RBS

M
M M s

L s

     
 (14) 

Without loss of generality - applicability, and within the proposed methodology, we vary the value 
of parameter σ from zero (ignoring gravity forces) to four (4), representing a situation where gravity 
forces and seismic forces are equal to each other. Thereafter, using Mathematica [14] we search for 
the relation between L and s that satisfy relations (13). The corresponding outcome is: 
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3 CONCLUSIONS   

Using a combination of curve-fitting techniques, nonlinear constrained global optimization and 
based on the well-established EC3 component method and EC8 recommendations, extended-end-
plate radius-cut RBS connections are optimized under static loading conditions, utilizing European 
I-profiles for beams and columns. Cyclic loading imposed in the optimized connections via FEM 
modelling verifies the numerical approach through desired ductile behaviour.   
The results of this investigation, based on simple rules of Mechanics and Plasticity, aspire to be the 
basis for an optimization procedure of parameters of RBS connections. The adaptation of this 
construction solution and its acceptance from the Eurocodes, are estimated to oppose the scepticism 
and suspicious state that enclose the weakening section strategies, considering that they consist of 
economical, easily produced, cost competitive and reliable connections, that could contribute to the 
construction progress. 
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