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ABSTRACT 

Limit analysis is one of the main methods in stability problems where it is necessary to define the 

maximal safe value of the load parameter associated to a particular load and a material structure. 

Beyond the limit load, the body collapses. Unlike other methods, the classical theory of limit analysis 

enables us to define the limit load directly by means of a specific variational problem, which is 

constructed under the assumption that the material is perfectly plastic and obeys the associative flow 

rule. This problem can be formulated either in terms of stresses (the static approach) or in terms of 

kinematic fields. Both of them are in mutual duality. For classical yield criteria, the limit analysis 

problem contains conic constraints defined in each material point. 

In this contribution, we describe two innovative ideas enabling a deeper understanding of this 

problem. First, we introduce a specific inf-sup condition defined on the related conic contraint set 

and show that its validity is important for both theoretical and numerical analysis. In particular, one 

can prove the equivalence between the static and kinematic approaches and derive the analytical 

upper bounds of the limit load using functions which need not belong to the restrictive conic set. 

These bounds may be computable if the inf-sup constant is known. 

Second, we introduce a penalization method for solution of the kinematic problem to remove the 

conic constraints. The penalized problem may be solved by standard finite elements and Newton-like 

methods due to available convergence analysis. To achieve more accurate results, we complete this 

numerical strategy with continuation over the penalty parameter and with local mesh adaptivity. For 

each numerical approximation of the unknown kinematic field, one can easily compute the 

guaranteed upper bound mentioned above. It leads to a posteriori information about numerical errors.  

We illustrate the efficiency of our methods on numerical examples including slope stability or strip-

footing benchmarks. Further, we present that the methods are convenient even for strongly 

heterogeneous composite materials. 
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