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ABSTRACT 

Shakedown analysis plays an important role in assessing the safety of structures in presence of many 
independent load combinations against plastic collapse, loss in functionality due to excessive 
deformation (ratcheting) or collapse due to low cycle fatigue.  

The paper treats the formulation of the shakedown problem and, as special case, of the limit analysis 
problem, using solid shell models. Nowadays, due to the growing attention of the scientific 
community, solid-shell elements have reached a high level of efficiency and accuracy.  

When compared to shell elements, solid-shell formulations present a simpler structure since only 
displacement degrees-of-freedom are employed. Consequently, they can automatically account for 
3D constitutive relations and are able to model through the thickness behaviours more accurately 
without the need to resort to plane-stress assumptions, which often occurs in shell elements including 
rotation degrees-of-freedom. Solid-shell formulations also present important advantages when 
considering double-sided contact situations and in treating large deformations, since no rotation 
degrees-of-freedom are involved. In addition, and contrary to classical solid elements, solid-shell 
formulations are suitable for the analysis of thin structures.  

Due to their simplicity an effective and robust implementation in FEM and IGA based analysis is 
possible. To achieve accuracy however in addition to the classical shear, membrane and volumetric 
lockings, in the solid shell case we have to eliminate also thickness, and trapezoidal locking. The 
latter is typical only of low order FEM. Assumed Natural Strain, Enhanced Assumed Strain and 
mixed (hybrid) formulations have been proposed for resolving these locking phenomena. In the 
context of triangular grids, the Assumed Natural Strain doesn't solve at all the shear locking [1]. A 
good alternative to eliminate this kind of locking is also the so-called Discrete Shear Gap method. 

Finally shakedown and limit analyses are performed on the basis of the algorithms proposed in [2]. 
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