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ABSTRACT 

This contribution presents a numerical investigation of experimental tests on skew notched beams 
with the mixed strain-displacement finite element method [1]. Mode III and mixed mode loading 
conditions are often encountered in tests involving torsion and asymmetrical bending for the 
mechanical characterization of quasi-brittle materials. 

Recently, the authors showed that the mixed strain displacement finite elements are capable of 
delivering very accurate results in the analysis of experimental pull-out tests on unreinforced 
concrete [2]. This is possible thanks to the enhanced convergence that the mixed formulation 
provides in a non-linear mechanical problem involving localization and failure, by solving the 
displacement and strains field as independent variables [3]. 

In this work, the proposed FE technology is applied to three study cases: firstly, a three point bending 
test of a Plexiglas beam; secondly, the torsion test of a plain concrete prismatic beam; finally, the 
torsion test of a cylindrical beam made of plain concrete as well. All three specimens present a notch 
at the midspan with a 45 degrees inclination. To take into account the complex non-linear mechanical 
behaviour, Rankine and Drucker-Prager failure criteria are implemented in both plasticity and 
isotropic continuum damage models. 

It is shown that the mixed strain displacement formulation is able of overcoming the common issues 
encountered with the standard irreducible FEM. Indeed, it predicts fracture surfaces, peak loads and 
global loss of carrying capability close to the experimental ones. Finally, taking advantage of the 
compatibility between the displacement-based and the mixed formulations, an enhancement in terms 
of computational time is presented. 
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