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Abstract 
Sustainable design of concentric bracing systems and 

self-centering systems for steel framed buildings by 

experimental testing and numerical modeling is 

presented. The experimental testing is performed on a 

full scale single story braced frame subjected to real 

time earthquake loading at the largest earthquake 

simulator in Europe [1]. Furthermore, an independent 

research programme is conducted in the structures 

research laboratory at the NUIG for studying the 

individual response of the system components. These 

tests are then implemented in the finite element (FE) 

numerical model to investigate their, categorically, 

individual behaviour, design sensitiveness and a 

combined story response to the earthquake. 

 

1. Concentric bracing systems 
A Concentric bracing system consisting of diagonal 

brace members are very efficient in dissipating the 

seismic energy through their inelastic hysteretic 

behaviour. However, they are susceptible to local 

failures. These localise failures are investigated in this 

study using the experimental and FE numerical models. 

 

1.1. Experimental testing  
Broderick et al.[1] carried out a full scale 

experimental programme under EU-FP7 project for the 

concentric bracing systems at Sacley-France, together, 

with the  testing conducted at NUIG is used in this 

research for an investigation and developing FE model. 

 

 
Figure 1. Full scale shake table testing (left) CEA- 
France, concentric bracing components (right) testing 
at NUIG. 

 

1.2. FE numerical modeling  
A robust finite element model for concentric bracing 

system is developed. This model can be used with 

confidence for different sections as it was developed 

and calibrated using real data. The modeling steps are 

presented in a flow diagram Figure 2.  

 
Figure 2. Schematic representation of FE modeling. 

 

1.3. Research outcomes 
The FE results for concentric bracing systems are 

found in good compliance with the experimental results 

in terms of the number of cycles to global and local 

buckling, and fracture prediction. The numerical results 

of the two specimens are presented in Table 1.   
Table 1. Comparison of experimental and FE 
numerical results. 

Specimens 

Number of cycles to 

Global 
Buckling 

Local 
Buckling 

Fracture 

Exp. FE Exp. FE Exp. FE 

40x40x3-2050-CS 4 4 8 8 18 11 

40x40x3-1250-CS 5 4 8 8 11 9 
 

 

2. Self-Centering seismic concentrically 

braced systems 
Self-centering system is an advanced form of 

concentric bracing system with the ability of re-

centering after the earthquake. Full study on design of 

self-centering framing systems will be carried out by 

developing and validating the FE numerical models. 
 

 3. Conclusion 
Sustainable design of the concentric bracing system 

and self-centering system is addressed herein, with the 

aim of developing efficient, economical, safe and 

sustainable seismic design.  
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