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Activities and results

The present research project focused on the study of the fracture and fatigue behaviour of metallic
structural elements used under severe low temperature conditions. More in details, the influence of low
temperatures on the fundamental mechanical parameters of metallic materials has been studied. Moreover,
existing fatigue propagation laws for extreme environmental conditions have been verified and new laws
have been proposed. Then fatigue life assessment of structural components having geometrical and loading
conditions typically encountered in the field has been carried out following a damage tolerant design
approach which allows a limitation of costs for a given level of structural safety.

The research aimed at offering a comprehensive view in the understanding of fatigue fracture failure of
structural components under service environmental conditions characterised by low temperatures.

The research activities included:

state-of-the art investigation of the fracture behaviour (fracture toughness) and fatigue (fatigue
limit, material parameters of crack growth laws such as Paris law) of metallic materials (with
reference to structural steels and high-strength aluminium alloys) under low temperature conditions;
experimental tests of fracture toughness and of fatigue limit under low temperature conditions for a
structural steel (S275 J2) and a high-performance aluminium alloy (Al7075 T6). The temperatures
being investigated were: 293 K (+20 C), 243 K (-30 C) and 193 K (-80 C);

observation, analysis and critical interpretation of the experimental results;

development of micromechanical models for the understanding and prediction of fracture and
fatigue behaviour of metallic materials under variable temperature conditions, with emphasis to low
temperature conditions. Two theoretical models were developed. The first model, which is based on
a generalization of the R-criterion (minimum distance of the crack tip from the plastic zone near the
crack), allows the determination of the crack propagation paths in metallic materials under low
temperatures. The second model, which is based on energy balance arguments for a multiphase
reference volume having thermo-mechanical characteristics typical of the alloy components, allows
the prediction of fracture toughness as a function of temperature.

Comparison of the theoretical predictions according to the above models with the experimental
results.

The objectives of the present research project have in general been achieved.
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