Presentation of the Toughness Module

One of the major issue of the European Project PERFECT from the 6th Framework Program is to provide a numerical platform aiming at predicting irradiation effects on RPV steels and internals. Such a platform contains 4 so—called "end-products", all based on multiscale approaches, for the prediction of the irradiated microstructures and the subsequent changes on mechanical properties: RPV-2 and the ToughnessModule, dedicated to RPV steels, and INTERN-1 and IASCCModule, dedicated to internals. We will focus only on the first two end-products.

RPV-2 starts from the irradiation conditions (neutron spectrum, in—service temperature, chemical composition of the RPV steel, irradiation time) and produces both the irradiated microstructure (i.e. the distribution of irradiation defects clusters) and the subsequent increase of hardness at the microscopic level (bainitic lath considered as a single—crystal). It can be chained with the ToughnessModule, which aims to provide both the irradiated macroscopic behaviour of the RPV steel, starting from the behaviour at the microscopic level (output of RPV-2), and the subsequent decrease in fracture toughness.

For each operation, the ToughnessModule can use different "branches". Each branch provides the same output but uses different physical modellings to obtain it, from the simplest and fastest one, to the more complex and CPU consuming one. All branches were specified by the sub-project 3 – RPV Mechanics of PERFECT.

For instance, as a first step, the macroscopic stress—strain curve of the steel can be obtained either using some kinds of property—property correlations (the increase of yield stress between the irradiated state and the un-irradiated state is proportional to the increase of critical resolved shear stress at the bainitic lath level), or by means of full finite element computation of a tensile test on a representative volume element representing a typical bainitic aggregate.

In the same way, for the second step, the decrease of fracture toughness can be estimated either by using semi-analytical models as the Master Curve, where the shift of reference temperature T0 is proportional to the increase of yield stress, or by a 1T-CT finite element computation where the behaviour was identified previously in the first step, and where the failure probability is estimated by a local approach post-processor as for the Beremin model.

Although a full and complete first version of the ToughnessModule was already delivered within the PERFECT project, it is still under heavy development in order to incorporate the latest scientific developments made within the project. In particular, a further version of this module will provide a so-called "sub-modelling" module, where the failure probability of a 1T-CT specimen will be evaluated by a complex model which parameters are only the carbide distribution of the steel, the microscopic behaviour of the steel and the metallurgical morphology of the bainite. Such a fully predictive model should allow the identification of the fracture properties from metallurgical observations  and not from dedicated mechanical tests, which can be very interesting in particular for surveillance programs.
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Figure � SEQ "Figure" \*Arabic �1�: The ToughnessModule in action








