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The limit analysis problem is born of the necessity to complement the linear elasticity theory, to obtain 
more realistic results with respect to the evolution towards the collapse of a solid. The limit analysis is a 
theory widely studied and used in diverse engineering fields like the soil mechanics or rigid solid theory. 
In our case we will be centered in the study of deformable solids. The limit analysis theory is based on the 
calculation and modeled of the collapse of a certain system from a static and uniform load distribution.  
Concretely it tries to find the smallest multiple of this load distribution that causes the collapse of the 
studied solid, it’s to say, we looked for the minimum of which in the end we’ll call collapse multiplier.  
The mathematical problem that considers to us is a nonlinear optimization problem based on the analysis 
of the dissipation of the internal energy rate from the tensions and the plastic flow (or, more commonly, 
deformation) that in this case it’s a saddle point problem. On the one hand, we must maximize this energy 
within a space of admissible tensions, that is to say, conditionated under a yield condition (cause of the 
nonlinearity of the problem). On the other hand, the mentioned bilinear form must be minimizated in a 
linear space of kinematically admissible flastic flow field for which the dissipation of external energy is 
constant. For the mentioned collapse model, the one of Mohr-Coulomb has been adopted in the present 
work. The election of M-C criterion allows to us to assure a good approach to the real behavior of the soil 
and simultaneously it guarantees an ample acceptance to us due to it’s simplicity and extension in most of 
practical applications on Soil Mechanics. For the resolution of our problem the Second Order Cone 
Programming (SOCP) takes an actively part. Recognizing the convex structure of the optimization 
problem creeated and expressing it as a Lorentz cone  (or also called second order convex cone) we can 
guarantee an efficient resolution process for the same one. 
In this work an efficient and robust method for the calculation of load collapse exact bounds it’s 
presented. For it, the duality properties that offer the limit analysis problem are exploited optimally from 
it’s static and kinematic principles. Also a suitable discretization of the continuous problem is carried out 
so that the algorithms of second order cone programming can be applicable. 
Throughout the document are both elaborated and solved load systems under compression in limit 
analysis by means Mohr-Coulomb collapse model, using like only variables of the problem, the most 
common parameters used in the soil characterization:  Ø and c (angle of internal friction and cohesion 
respectively). In addition, the first passages for the development and implementation of the “shakedown” 
limit analysis problem are presented, following the used philosophy for the evolution to the Mohr-
Coulomb model. Unlike the limit analysis problem, for the Shakedown problem a study with variability 
loads is carried out with which it’s managed to study any kind of engineering problem with greater 
reliability. 
A series of representative numerical examples for the established implementation appears throughout the 
document. In the first place enunciate a set of examples that serve to us like validation from which the 
correct operation of the elaborated programs will be able to be extracted.  Once we are able to give as 
good the results obtained in these examples of validation, we analyze a more representative and 
characteristic example within the Soil Mechanics field.  
 


