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Abstract

Background and Objective:Nowadays, designers are increasingly inclined towards designing facades
with complex geometric shells and creative movement patterns. This approach not only creates a unique
design that enhances the visual appeal and dynamism of the facade but also contributes to controlling
daylight and optimizing energy consumption in buildings. Consequently, finding suitable patterns and
designs for parametric and algorithmic facades has become challenging for architects. Therefore, the
overarching goal of this study is to examine and propose a model for a kinetic building shading device
inspired by the thermoplastic behavior of saffron in response to ambient temperature changes. This is
done to control daylight entry into the interior spaces. In line with this objective, the present research
seeks to answer the question: How can the movement mechanisms of plants be adapted to the
architectural design of facade shading devices to enhance building intelligence?

Material and Methodology: The research methodology of this study has mixed methods (quantitative-
qualitative) and is divided into two parts: descriptive-analytical and modeling-simulation. Rhino 6
software and the Grasshopper plug-in were used for modeling the shading device, and the Ladybug and
Honeybee plug-ins were employed for radiative energy analysis and daylight analysis.

Findings: Plants are fixed in place by their roots, yet they must protect themselves against
environmental changes such as cold, heat, light, humidity, etc. Therefore, through movement behaviors
divided into two categories, tropism, and nastic movements, they can respond to environmental changes.
Tropic movements are directional movements in response to external stimuli that have a specific
direction, such as the directional movement of a sunflower toward the sun's path. Nastic movements are
mechanical movements, and independent of direction, and can be classified into two types: those
influenced by external factors and those not. Considering that movements influenced by external factors
are reversible, and that reversible movements are needed in the design of the smart shading mechanism
for buildings, necessary studies have been conducted on reversible movements. These movements are
divided into five categories based on the influence of external factors: hydronasty, nyctinasty,
thermonasty, photonasty, and haptonasty. In this research, the movement behavior of saffron in response
to ambient temperature changes, which falls under the category of thermonasty, has been selected. Other
researchers can study the other categories of reversible systems to design opening and closing
mechanisms in architecture. Finally, by examining biologists' research on plant movement behavior and
analyzing the opening and closing mechanisms of plants, the movement behavior pattern of the plant
can be translated into a smart shading device algorithm for facades using programming languages.
Discussion and Conclusion:The results indicate that the movement of the kinetic shading device in the
climate of Shiraz by the movement of the sun can reduce 40% of the sun's radiant energy absorbed by
the transparent surface of the southern facade. In addition, the shading device panels in the closed state
can reduce the penetration of sunlight into the inner space of the shading device by 50%. This shows
the shading device's optimal performance according to Shiraz's climate.
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