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The characterisation of material properties is very challenging, especially when the number of material parameters governing the constitutive equations is significant. This is particularly true when considering anisotropic materials and/or strongly nonlinear constitutive models, for example, in viscoplasticity or damage theories. Different normalized tests are necessary to calculate the parameters of the material models. Tests are generally exploited based on statically determined approach, i.e. by assuming that the mechanical fields are homogeneous over the specimen gauge length. A first limitation is that several tests are needed to characterize material behaviour dependency to strain-rate, e.g., as each test must be performed at a constant (over time) and uniform (over gauge length) strain rate. Moreover, material parameters are obtained with those tests in one loading direction while constitutive equations involve all strain and stress tensors components. Consequently, a large number of tests are required when complex behaviours at high rate of strains have to be characterised. The limitations of this statically determined approach can be overcome with the statically undetermined approach that considers no hypothesis on homogeneity of mechanical fields and therefore no constraint on loading conditions and test exploitation.

The most widespread statically undetermined approach is the Finite Element Model Updating (FEMU) method. FE simulations are iterated until constitutive parameters leading to the best match between numerical computations and experimental measurements is found. However, the main draw back of this approach is that it requires building a validated numerical model of the test, including the boundary conditions that can be often complex.

The Virtual Field Method (VFM) is another statically undetermined approach. Based on the principle of virtual work (PVW) the method expresses the global equilibrium of a solid of any shape. The VFM enables to take the full advantages of full-field measurement techniques, such the Digital Image Correlation (DIC) method. One of the main advantages of the VFM compared to FEMU methods is that it does not require building a numerical model of the test.

When virtual work of acceleration can be neglected, the VFM can be applied to identfy material parameters with the only knowledge of strain fields and resultant of loading [1,2]. In a more original way, when high strain rates are concerned, some assumptions lead to an expression of the PVW allowing the identification of material parameters with the sole knowledge of strain and acceleration fields (Equation 1) [4]. In particular, the VFM does not require in that case the knowledge of any external loads, thus avoiding the use of an intrusive sensor (e.g. load cell). As optical devices are continuously being improved (notably in terms of spatial/temporal resolution), their combination with a full-field measurement technique is more and more suitable for high strain-rate testing and the identification of material parameters using the VFM.
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Several applications for different materials at various loading configurations and models are next given to support the presentation.

As a first example, the VFM is developed for the characterisation of a fully coupled elastoplastic-damage behaviour model, using one uniaxial tensile test only. The process of identification is assessed using two kinds of thin-specimen geometries (simulated strain fields by the FEA). Results demonstrate the efficiency of the VFM for the simultaneous identification of plastic and damage parameters (Figure 1) from a unique uniaxial tensile test, but also highlight that the definition of a suitable specimen geometry is a key factor for result accuracy. As a second example, non standard Image-Based Inertial Impact (IBII) tests performed on titanium alloy Ti6Al4V specimens are presented. The IBII test uses an impact on one edge of the specimen to generate a short pressure pulse that loads the specimen. Three specimen geometries have been tested: a rectangular specimen, and two specimen geometries with stress concentrators (i.e. a hole and notches) to enhance high levels of plastic strain [4,5]. However, most of the test parameters (e.g. projectile velocity, specimen geometry) are not constrained. Therefore, in a first step a FE-based approach is addressed to optimize the test protocol over a wide range of strain and strain-rate, according to two design criteria: (1) the characterized viscoplastic spectra, (2) the identifiability of the parameters. Whereas the first criterion is assessed by processing the FEA simulations, the second is rated extracting material parameters using synthetic images to input the VFM. Finally, uncertainties regarding the identification of material constants are quantified for each test configuration and different high speed camera performances (Figure 2). In a second step, full-field measurement of the acceleration and strain are successfully used in combination with the VFM to identify the strain rate sensitivity parameter of the Johnson-Cook model. The strain/strain rate spectra covered by each specimen are analysed and compared to the predictions. Finally, the influence of the Virtual Field used in the identification process is discussed as well as the simultaneous identification of the JC viscoplastic model, here both the strain rate sensitivity parameter and the strain rate threshold parameter [4]. A last example deals with the robustness of specimens designed for identification of anisotropic material behavior model in terms of criteria that quantify heterogeneity of stress field on one hand and error in the identification procedure due to measurement biases on the other hand [6].
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 1 Fig. 1. Damage maps of the perforated specimen (step 200).
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 2 Fig. 2. Identification gap w.r.t reference value on noisy images.