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Abstract

Properly designing a building's facade can significantly reduce energy consumption and protect its internal
environment. One of the main concerns of architects is designing adaptable fagades that can adjust to the
surrounding environment. Therefore, the main goal of this research is to design an adaptable building facade by
drawing inspiration from natural patterns. Living organisms in nature react to external factors and have
developed many solutions for compatibility and adaptability. The snapdragon plant pattern has been chosen as a
case study to inspire the movement mechanism. Plants have many similarities with buildings, as they are fixed in
place by roots and also react to changes in their environment. Given the widespread use of energy-saving
strategies in buildings, this study has focused on controlling daylight entering the building through the facade in
Shiraz's climate. The research method is simulation-based modeling. The facade model was developed based on
the behavioral pattern of the snapdragon using Rhino 6 software and Grasshopper plug-in. Energy radiation and
daylight were analyzed using Ladybug and Honeybee plug-ins, respectively. The results indicate that the
designed fagade in Shiraz's climate during the month of August, from 8 am to 4 pm, can reduce daylight entering
the building by up to 75% in closed panel mode and absorb 64% of the radiation energy through the transparent
surface of the building. This results in a 16% reduction in indoor temperature. Therefore, the designed facade
effectively controls daylight entering the building.
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Extended Abstract

Introduction

After the 19th century, the building facade has received attention in search of new production methods
and materials, and after that, with the increasing importance of functions such as: reducing energy
consumption, cooling and heating load, and daylight control, etc., the building facade design is
appropriate to the changes. The surrounding environment and providing the comfort of the residents
has been raised as the main concern of the designers. In architecture, kinetic building facade are
usually designed specifically for the same project and do not provide a general pattern for designers to
use. In addition, the use of rigid mechanical systems increases the production, execution and
maintenance of the shading device structure. Therefore, the main goal of the current research is to
design the kinetic facade shading device inspired by the natural pattern. Because the patterns in nature
are alive, and this causes them to function properly against changes in the surrounding environment. In
the current research, a plant model (Snapdragon) has been chosen as a source of inspiration. The
similarity of the protective function of plants with the building has led to the selection of the plant
pattern as a source of inspiration for the design. In fact, plants, like buildings, are fixed in place by
their roots, however, they react to the surrounding environment to protect themselves. Finally, the
current research tries to answer the question, how can the movement mechanism of the Snapdragon be
used in the design of the kinetic facade shading device? It seems that by studying the researches of
biologists in this regard and in the field, it is possible to convert the movement pattern of the plant into
the kinetic algorithm of the shading device.

Methodology

Considering that the main goal of the current research is to design a kinetic building facade with a
convertible structure and inspired by the plant pattern to control daylight in the Shiraz climate,
therefore the research method is modeling-simulation. At first, the theoretical basics and analysis of
the Snapdragon were carried out by field and library surveys, and after that, the movement pattern of
the Snapdragon was converted into the kinetic algorithm of the building facade in Rhino 6 software
and the Grasshopper plugin. Finally, the analysis of sunlight radiation and daylight control in Shiraz
climate has been done by Ladybug and Honeybee plugins. The data obtained from the daylight
analyzes have been evaluated and reviewed quantitatively and qualitatively in the findings section. It
should be noted that in new researches for modular and parametric design, the Grasshopper plugin is
used, and with other plugins such as Ladybug and Honeybee in the same environment, various
analyzes are performed on the model to achieve optimal performance. The proposed add-on engine is
Energy Plus, and it was developed and approved by the US Department of Energy in 2011. Therefore,
the method and tools of the current research are valid based on previous researches.

Results and discussion

Nowadays, rigid members and mechanical joints are used to achieve a responsive and compatible
architecture with the surrounding conditions, especially for the design of kinetic building facade.
Despite the fact that this method has many advantages, a series of negative consequences such as the
high cost of construction, maintenance, etc. appear after it. Therefore, it is necessary to use flexible
patterns for design to reduce the problems raised. The Snapdragon has a flexible structure, so that a
certain type of folding has caused the flower's unique behavior pattern. The petals of the Snapdragon
are divided into two upper and lower parts, and the two flower petals have created a shape similar to a
mouth. By pressing both sides of the petals, the flower opens. The important thing is that in this part,
only the lower petal can be moved, and the upper petal remains fixed. In fact, the lower petal bends
due to the pressure applied to its two sides, and this bending is the unique movement of the flower.
Finally, this structure can be used to design the building convertible shading device.

Conclusion:

The results indicate that the shading device designed in the climate of Shiraz, in August from 8:00 am
to 4:00 pm on the 10th day, in the open panel mode up to 33%, in the semi-open panel mode up to
44% and in the closed panel mode up to 75% of the daylight entrance is reduced and reduces the
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radiant energy absorbed by the transparent surface of the building by 39% in the open state, 52% in
the semi-open state, and 64% in the closed state. This has reduced the indoor temperature by 4% with
the shading device open panels, 8% with half-open panels, and 16% with the shading device closed
panel. As a result, the designed shading facade has a favorable performance in the field of daylight
control. The current shading device is designed para metrically and by changing one component, the
whole panels open and closes. For this reason, researchers and designers can use this shading device
according to the sun path and the chosen climate of their research and project. Finally, this shading
device has flexibility and is dynamic and stable. It should be noted that this facade is designed in such
a way that it responds to the needs of users with a convertible structure and reacts to changes in the
surrounding environment. Another important point is that the shading device is designed in a modular
way and by causing damage to one of the parts, other parts can continue to operate. Therefore, in
terms of production, implementation and maintenance, it is economical and has good performance. In
addition, the modular property of the shading device allows the shell to be expandable according to the
surface required for the cover or the geometry chosen by the designers. Also, in general, it can be
stated that the use of convertible structures in kinetic design can reduce the problems in the case of
mechanical systems and provide a design with high functional efficiency. In the future, researchers can
design an executive structure for the presented ideas or complete this shading device design process by
examining other plant patterns.
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