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Concentrically braced frames (CBFs) provide efficient earthquake resistance in steel structures: 
combining the stiffness and strength required for small, frequent earthquakes, with the potential for a 
dissipative response that ensures adequate performance during larger events. CBFs find wide 
application in a variety of civil engineering structures, including tall buildings and in energy 
infrastructure. 
 
The ultimate behaviour of CBFs was investigated research project BRACED (Brace Response 
Assessment – Computation, Experiments and Design). A principal aim of the project was to support 
performance-based design of these structures by validating recently-developed models for the ductility 
capacity of hollow section bracing members under low cycle fatigue conditions. The project also 
addressed the need for improved design and detailing guidance for gusset-plate connections that 
account for their influence on global deformation capacity and energy dissipation. 
 
The central element of the BRACED project was a programme of shake table experiments on full-scale 
model single-storey CBFs. Brace member and connection details were varied between experiments to 
investigate the full range of global and local member slenderness found in European design practice. 
The experimental responses are used to validate an accurate OpenSees model of the test frame that 
captures the nonlinear cyclic behaviour of the combined brace member and gusset plate connection 
assemblage. Assessments are made of the contribution of various brace connection details to initial 
frame stiffness and damping, the ‘balanced’ design of the brace member and gusset plate combination, 
the verification of new proposals for gusset plate detailing, the identification of frame yielding 
mechanisms, and the validation of ductility capacity models under dynamic loading conditions. 
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Brian Broderick obtained primary and postgraduate degrees in civil engineering from University College 
Dublin, being awarded the NUI Bursary in Civil Engineering. He completed his PhD studies at Imperial 
College, London where he received the Unwin Prize in Engineering for his thesis on the earthquake 
behavior of composite structures. Following a period as a post-doctoral researcher at Imperial College, 
he was appointed a lecturer at Trinity College Dublin. His research interests address the interactions 
between the engineered and natural environments, especially resilience to adverse earthquake, wind 
and environmental hazards. He has supervised 17 successful PhDs in these fields and has published 
over sixty papers in international journals. He has obtained grant funding from a variety of sponsors 
including the Environmental Protection Agency, Enterprise Ireland, IRCSET, SEI and the EU, and 
completed research consultancy projects for a number of important clients including BNFL, the Coca-
Cola Company, the Heathrow-Paddington Express and the Railway Inspectorate. He is Irish National 
Delegate to CEN TC250/SC8, responsible for the development of Eurocode 8 – the design code for 
earthquake resistant structures in Europe. His particular interest is the correlation of experimental and 
field measurements with the results of numerical models. He has recently been appointed as an external 
examiner at City University London. 
 


