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Foldable thin structures, ubiquitous in engineering, arts, architecture, and biology, are currently
exploited in a range of applications including solar sails, soft robotics, and mechanical metamaterials.
To understand geometrical and mechanical properties of those functional solid systems, the study of
deployable thin structures has become an active research field in physics in the last two decades. In
the present thesis, we describe the detailed study of two specific examples in a class of
origami-based structures. By combining fabrication, physical experiment and numerical simulation,
we show how a particular function of each system emerges from its elasticity and geometric design.

In the first part of the thesis, we describe a quantitative study of a paper spring during its actuation.
While a paper spring is a simple paper craft popular with children due to its curious springy response,
this origami-based composite also exhibits a significant twist deformation during its extension,
which we explain in terms of its unique interlocking structure.

In the second part of the thesis, we describe an extensive physical study of rotational erection
system (RES) that represents an origami-based design method to generate a three-dimensional (3D)
structure from a planar sheet. Its 3D rotational and translational kinematics is fully encoded in the
form of prescribed cuts and folds in 2D. We show how the elasticity of RES allows the RES to
morph into a 3D shape via a snap-through transition. We also reveal that the RES in the standing
position has considerable structural rigidity, owing to its unique self-locking mechanism, indicating
its superior load-bearing performance in a range of applications.

The present study clarifies the fundamental actuation mechanism in the two examples of
origami-based deployable structures, which will facilitate a way to use the optimally designed

"ori-kirigami" structures in a variety of man-made systems.



