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ABSTRACT 

A method for the re-ana1ysis of test data of structural stecI components under cyclic actions is 
presented in this paper. The method is based on an S - N line (i.e. stress range-fatigue endurance line) 
approach and, althougb proposed here for low~c1e fatigue, was derived and is valid also for high cycle 
fatigue. A statistical approach for the assessment of the S - N lines, which is based on a selected 
probability of failure with reference to suitable levels of safety and reliability of the structural elements, is 
presented. Possible definitions of parameter S, as well as, failure criteria for the appraisal of N, are 
compared and their influence on the value of the slope of the S - N line is discussed. Finally, a design 
approach is proposed, based on a direct assessment of the cumulative damage in steel components under 
variable amplitude loading histories. In order to validate and to analyse its accuracy, test data of beams, 
beam-colunms and beam-to-colunm connections under cyclic and/or variable amplitode loading histories 
have been considered. 
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INTRODUCTION 

In the recent earthquake events of Northridge (1994) and Kobe (1995), a significant number of stecI 
structures suffered extended damage. In buildings which did not collapse, local failures of stecI elements 
and beam-to-colunm connections occurred without severe overall defonnations, these fililures remaining 
hidden behind undamaged architectural panels (Bertero et aI., 1994). However, these disasters underlined 
the need of an efficient design approach for steel structures based on the selection of the energy dissipation 
mechanisms, which should permit to combine the stable hysteretic response of steel members and/or joints 
with the possibility of controlling simply, but reliably, the behavioural parameters Qf the relevant parts of 
the skeleton frame. 

It has to be pointed out that the possibility to use such a seismic design approach implies an exhaustive 
knowledge of the low~cle filtigue behaviour and strength of steel members and joints. At the present state 
of the art, such knowledge is still fur from being satisfilctury, despite several studies carried out in the past, 
or currently in progress, on the behaviour of subassemblies (Nader and Astaneh, 1991; EInashai and 
ElghazouIi, 1994), as well as of steel components (plumier, 1994) under cyclic reversal loading. 

This paper preseots the main results of a joint research project, between the Universities of Lisbon 
(Portugal) and Milan (Italy) aimed to develop a method for the re-analysis of test data of structural steel 
elemeots under cyclic actions. 

Furthermore, a design approach for the appraisal of the ductility of steel components under seismic 
loading is presented and discussed. Such an approach based on Miner's linear damage accumulation rule 
(Miner, 1945), and on S-N lines, is derived with reference to classical theory of elastic fatigue extrapolating 
its validity into the low~cle (plastic) fatigue range. Failure criteria for the assessment of the number of 
cycles to failure (N) and definitions (proposed by various authors) of the stress (strain) range (S) are 

summarised and compared, with reference to the influence on the value of the slope of the S - N line. 


































