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ORIGAMI MECHANICS 
 

The objective of this project consists in building a general theoretical framework for the 
understanding of metamaterials revolving around the notions of elasticity, localized 
singularities such as creases, and the mechanical networks these structures organize into. For 
crumpled sheets and origami, localized creases and vertices determine the global shape of the 
structure and its mechanical properties. The questioning will be organized along the 
exploration of the mechanical properties of these systems. 

 
An intriguing phenomenon occurring when sheets are 

creased is the appearance of multi-stability: almost every 
origami tessellation unit cell encountered can be snapped-
through, inverting the respective position of the central and 
boundary vertices, much like a simple elastic shell can be 
inverted into the same object with opposite curvature. This 
phenomenon appears even when the faces are rigid and do not 
support any flexural deformation.  

 
From a conceptual point of view, the first step will consist 

in rationalizing the kinematics of these objects, in order to 
identify their degrees of freedom and deformation modes in 
the rigid face case. We will proceed by analyzing the relevant 
unit mechanical objects like a vertex and its surrounding 
creases (Fig. 1) or the Miura-Ori tessellation unit cell (Fig. 2) 

and then connecting this local understanding into the collective 
mechanical behavior. 

 
The work plan is organized as follow: 
 
- Understanding the kinematics of these objects by finding the pertinent geometrical 
description: the surfaces generators, the constraints, the degrees of freedom and deformation 
modes in the rigid face case. 
 
- Analysis of the relevant unit mechanical objects like a vertex and its surrounding creases. 
 
- Extension to the case of many unit cells in interaction in order to understand the collective 
mechanical behavior.  

Fig. 1 

Fig. 2 


