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YIELD DESIGN 
 
 
Synopsis 
 
The purpose of this series of lectures is the presentation of the Theory of Yield Design 
with a view onto its applications in various areas of civil engineering and mechanical 
engineering. 
It is anticipated that the attendees will have a basic knowledge of Continuum Mechanics 
although the necessary fundamentals will be recalled at the beginning, were it only for 
settling the notations and the terminology. 
 
 
Historical landmarks, Observations and Topicality will be the themes of the first lectures 
since the principles of Yield Design that can be tracked back in the works of Galileo, 
Coulomb and others, are now plainly stated in Ultimate Limit State Design methods and 
associated computer codes. 
 
As a first step in the theory, the example of a simple structure will be considered, in order 
to get an outline of the rationale within a comfortable conceptual framework.  
 
Since the principles of Yield Design are implicitly encountered in various design methods 
of mechanical or civil engineering structures, there is a need for a unifying theoretical 
presentation. The classical Continuum mechanics framework is chosen, which will make it 
possible to obtain a versatile general formulation. For this purpose the basic concepts of 
stress fields and virtual velocity fields are recalled together with the Principle of virtual 
rate of work that will be an essential tool when Dualisation is implemented. 
 
The Yield Design problem is stated, based upon the only data of the geometry of the 
considered system, the loading parameters it is submitted to and the resistance capacities 
of the constituent materials; it aims at answering the question: in the given geometry, 
abiding with the capacities of resistance of the constituent materials, what loads can be 
sustained by the system? 
 
The definition of potentially safe loads is the answer to this question. From the assumed 
convexity of the domains of resistance of the constituent materials, it follows that the 
domain K of potentially safe loads is convex in the space of the loading parameters. The 
interior approach of K is a straightforward consequence of this mathematical property, 
based upon the construction of statically admissible stress fields respecting the strength 
conditions of the constituent materials. 
 
The concept of potentially safe loads is but a partial answer to the original question. It is 
shown to be the only answer that can be obtained from the available data. What may 
appear as a drawback of the theory turns out to be positive actually since, provided that 
the geometry of the system remains unchanged, the results so-obtained are valid whatever 
the constitutive laws of the constituent materials, whatever the initial state of stress and 
whatever the loading history of the system. 
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The concepts and the method are implemented in the stability analysis of a vertical cut 
submitted to gravity. The interior approach yields a true lower bound estimate for the 
critical height. On the other hand it is shown that the classical Coulomb’s wedge method 
is a genuine static exterior approach and thus provides an upper bound for the critical 
height. 
 
Static exterior approaches prove quite uneasy for practical implementation in most cases. 
The breakthrough of the theory is the formulation of the kinematic exterior approach of 
domain K simply through the Dualisation of the static one. Virtual kinematically 
admissible velocity fields are used as test functions through the principle of virtual rate of 
work to check the balance between the rate of work of the loads and the maximum 
resisting rate of work. 
 
Note the fact that the maximum resisting rate of work proceeds only from the dual 
definition of the domains of resistance of the constituent materials and does not involve 
any complementary assumption such as a constitutive law or a flow rule. 
 
Galileo’s famous analysis of the bearing capacity of a cantilever beam fits within this 
framework as a kinematic exterior approach, which rubs the criticisms it has received out. 
 
Kinematic exterior approaches are performed in the stability analysis of the vertical cut. 
Contrary to the classical methods derived from Coulomb’s original work, they do not 
require any complementary assumption and are strictly carried out on the basis of the dual 
definition of the strength capacities of the soil. They provide genuine upper bounds 
estimates for the critical height of the cut. 
 
Although this is not usually done in practical cases, both approaches may be implemented 
simultaneously, thus providing lower bound and upper bound estimates. It may happen 
that the bounds so-obtained coincide. In such a case the corresponding statically 
admissible stress field on the one side and virtual kinematically admissible velocity field on 
the other side are mathematically related to each other. 
 
As a matter of fact, under precise mathematical conditions, the kinematical exterior 
approach proves to be the dual definition of the domain of potentially safe loads, K. 
 
Practical applications of the Theory of Yield Design include the design philosophy known 
as Ultimate Limit State Design (ULSD). It solves the problem of the clear and 
unambiguous distinction between the loads acting on the system and the resistances of 
the constituent materials (active and passive forces) that is required, for instance when 
dealing with active and passive inclusions, in order to apply the proper partial safety 
factors, and it provides its quantitative significance to the symbolic inequality which 
stands as the principle of ULSD. 
 
It is expected that the series of lectures will help killing the “Elastic Monster” (the proper 
words of Eugène FREYSSINET, the inventor of prestressed concrete) that may be 
sleeping in our minds! 


