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ABSTRACT 

Wrinkles can be found on the surface of largely compressed areas of metallic materials. This particular 

type of instabilities can be observed in structural elements that are of particular interest for the 

automotive and offshore industries, such as bent tubes or pipes, pressure vessels or die formed sheet 

metal pieces. Wrinkles can evolve into creases by an unstable growth of self-contact when such 

structural elements are increasingly strained remotely. The onset of a crease can be detected when the 

self-contact length grows unsteadily, which can develop into a surface crack that might lead to 

catastrophic failure. Hence, this phenomenon is important to consider in industrial applications when 

surface imperfections such as wrinkles are detected. Typically, for materials that present elastic-plastic 

mechanical responses, such as metallic materials, the critical strain at which the onset of crease occurs 

is quite large [1]. Therefore, one might need to consider that the material can develop other forms of 

instabilities created by inhomogeneous states. These are typically assessed performing bifurcation or 

imperfection analysis [2]. In order to ascertain the underlying phenomena that might create either form 

of plastic instability, a finite element model of a crease formation is analysed in detail. The crease 

formation scenario is simulated by compressing a rectangular solid under plane strain conditions that 

contains a rounded defect. The bifurcation criterion is implemented directly in a material level user 

subroutine allowing the detection of inhomogeneous states within a single finite element. 
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