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Passive designs, using smart and sustainable materials, are of great interest to the 

contemporary building industry as they can support a reduction in embodied carbon 

emissions and lower the operational energy consumption during a building’s life cycle by 

adapting, replacing, or integrating with industry-standard and carbon-intensive 

mechanical systems. Shape-changing, programmable bilayer prototypes using wood can 

respond to the environmental changes of relative humidity. However, there is limited 

research in this field concerning the type of movement that these mechanisms can achieve 

and their potential integration into façade applications that are void of energy-dependent 

elements. Previous research has focused primarily on small single curvature 

deformations for apertures, complex wooden composite with double curvature for glue 

laminated structures, or large but very slow louvre mechanisms for shading. 

 

A biomimetic approach was used to produce and develop a climate-responsive 

mechanism for façade applications built from prototypes of multilayered wood by looking 

at unique plant biomechanics of the Mimosa pudica, Mandevilla and Asclepias syriaca as 

biological role models. The research looks at the kinematic model, microscopic tissue 

structure, environmental adaptation strategies, structural growth pattern and functional 

performance of the three plant exemplars to develop a series of proposed bio-inspired 

mechanisms with the potential for upscaling into adaptive façade systems driven by 

passive actuation. We expect that this early-stage investigation can provide insights into 

the unique kinematic strategies of the selected plants while contributing toward a better 

understanding of a potential range of passive façade strategies that are achievable with 

climate responsive wood composite bilayers and the aspiration to support a more 

sustainable building industry. 
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