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Abstract

Biomimicry means innovative results by applying the principles of nature to the human industry. Today, environmental problems caused by

excessive development have increased interest in sustainable development. There are also attempts to look at biomimicry as a way to

sustainable architecture. Architectural design using biomimicry improves the function of the building in terms of results. It can also be used

in the overall process of building, operation, and future disposal.

However, until now, understanding of the architectural design using

biomimicry is only done in fragments, such as new types of forms and technologies. Therefore, this study analyzes the method of using

biomimicry in architectural design and the results shown through it.

It comprehensively studies the design approach characteristics of

biomimicry architecture. First of all, this study proceeds with a theoretical understanding of the concept of biomimicry and architectural

design using it. Based on this, we analyze the case of architectural design using biomimicry. The case are analyzed by dividing them into

methods of using biomimicry and results of using biomimicry. Through this, the design approach characteristics of biomimicry architecture are

derived. As a result, it was confirmed that the concept of biomimicry not only affects the result of architectural design, but also complexly

affects the process of applying natural principles to design and architecturally implemented.
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Table 1. Korean precedent research classification for biomimicry architecture

Subject Researcher Summary
Choi & Kim Biomimicry architectural design is defined as three characteristics of organic form, autonomous system,
(2011) and dividing program, and case analysis based on these characteristics.
The characteristics of biomimicry architectural design are classified into ‘imitation of living things’,
Architectural Elena ‘imitation of behavior of living things’, and ‘imitation of ecosystems’. After analyzing the case in terms
characteristics (2013) of the form, function, and material of architecture, it is divided and analyzed before and after the digital
design architecture era.
Choi From an ecological point of view, the design elements of biomimicry architectural design are classified
(2014) into form, function, energy, context, and continuity, and a case study of biomimicry architectural design.
Lee et al. Analysis and trend identification of architectural cases applying biomimicry based on ‘nature and living
) (2015) things’, ‘application method’, and ‘application effect’.
Architectural - - — — - —
trend Hone. Cho. & Yi A diachronic examination of Biomimicry and the architectural cases of biomimicry are analyzed base on
g’(201 6’) 'inspiration for form and space', 'inspiration for function and structure', 'inspiration for reaction and
movement', and 'inspiration for integrated system'.
Lee & Kang The necessity of constructing an open information system to increase the architectural utility of
) (2015) biomimicry and the basic information composition system were proposed.
Architectural — - — - — -
methodology Kim. Kane. & Yoon Based on the existing architecture and biomimicry process, the basic process of biomimicry architectural
’ (20ng) design was established, and the ‘Organic Cycle-Cooperation’ process was proposed through architectural
case analysis.
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Table 2. Classification characteristics of biomimicry

Classification characteristics

Researcher
Common Non common
Choi & Kim | Organic B Auto- Dividing
(2011) Form System Program
Elena(2013) Form Function - Material
Choi(2014) Form Function System -
Conclusion Form Function System -
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Table 3. Architectural design of biomimicry analysis standards

Type Information

(al) Problem solving step through problem recognition
(A) Plan and design application of natural principles.

Method (a2) Efficiency construction step of architectural
Construction | design applying natural principles.

(bl) Aesthetic and economic form resulting from
Form the application of natural principles.
B) (b2) Building performance improved by applying

Result Function | natural principles.

(b3) Efficiency in terms of energy through
System application of natural principles.
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Table 4. Case study list

Code | Year Project name

Cl 2011 Times Eureka Pavilion

C2 2012 ICD/ITKE Research Pavilion 2012
C3 2013 HygroSkin-Meteorosensitive Pavilion
C4 2014 Landesgartenschau Exhibition Hall
C5 2014 ICD-ITKE Research Pavilion 2013-14
C6 2015 Woven Thread Pavilion

C7 2016 ICD-ITKE Research Pavilion 2015-16
C8 2016 Elytra Filament Pavilion

Cc9 2017 ICD-ITKE Research Pavilion 2016-17
C10 2019 BUGA Fibre Pavilion

Cl1 2019 BUGA Wood Pavilion
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Project C2. ICD/ITKE Research Pavilion 2012(2012)

ICD/ITKE

Location | Stuttgart, Germany ‘ Architect ‘

To explore the possibilities of new materials in architecture, a
fiber pavilion that mimics the fiber composition of the lobster.

o

Digital design was used to design an efficient form,
(A) structure, and material using method.

Method a2| The pavilion is manufactured by using a robotic

fabrication to wind fibers.

By applying the shell structure, the thickness of the
bl| structure is made thin, and the facade and structure
are integrated.

(8)
Result | b2| Lightweight structure by using fibers.

p3| The fiber injection method of robotic fabrication
increases material efficiency.

Project C3. HygroSkin-Meteorosensitive Pavilion(2013)

Location Orléans, France ‘ Architect ‘ Achim Menges

A pavilion that controls the opening/closing rate of the opening
according to the external humidity by applying the principle that
the spruce cone responds to humidity to the building.

T

al After exploring the principles of nature, the pavilion
(A) was designed using digital design.

Method a2 Facade and structure are processed into segments

using robotic fabrication and then assembled on site.

bl The segments of the pavilion are processed into
curved plates to ensure structural safety.

By utilizing the -characteristic of wood to shrink
b2| according to humidity, the pavilion has the ability to
(B) actively respond to the external environment.

Result
stk Al B4 W8S AnEY gs3 2o Utilizes the characteristics of materials rather than
b3 artificial fuels to keep the internal environment
constant. It is prefabricated and can be transported to
Table 5. Case study another location for reuse in the future.
Project Cl. Times Eureka Pavilion(2011) Project C4. Landesgartenschau Exhibition Hall(2014)
Location London, UK ‘ Architect ‘ Nex Architecture Location | Stuttgart, Germany ‘ Architect ‘ ICD/ITKE

A wooden pavilion made with the motif of the capillary structure
of leaves to architecturally express the design concept of nature.

A pavilion that explores the possibility of a permanently usable
building by applying the principle of the sea urchin exoskeleton.

]

r

Digital design was used to make the capillary
o1 | Structure of the leaf into an architectural design, and
(A) through this, the structure and construction method
Method of the pavilion were considered in a complex way.

By dividing a complex structure into simple straight
a2 - P
members, the efficiency of construction is increased.

Based on the nature principles formation, an efficient
bl|form was produced by removing = structurally
®) unnecessary parts of the pavilion.

Result | b2 -

b3 The pavilion is prefabricated and it can be
transported and reused in other site.

It is planned to efficiently use form, structure, and
(A) material by using an digital design.

Method a2 Structure are processed into segments using robotic

fabrication and then assembled on site.

By applying the principle of the sea urchin
bl|exoskeleton to the shape, the structure has a
thickness of 50 mm and an internal space of 10m.

(B)
Result b2

By processing wood with a robotic fabrication, the
b3| material is used more efficiently compared to the
existing construction process.
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Project

C5. ICD-ITKE Research Pavilion 2013-14(2014)

Project

C8. Elytra Filament Pavilion(2016)

Location

Stuttgart, Germany ‘ Architect ‘ ICD/ITKE

Location

London, UK | Architect | ICD/ITKE

A pavilion that explored a new architectural structure type using
fibers as the main material by applying the principle of the
structure of the beetle's elytra to architecture.

A pavilion that use fibers as the main material by applying the
principle of the structure of the beetle's elytra to architecture.

(&)

al

After designing a basic shape using digital design,
the design is transformed in real time by reflecting
the data collected at the site during construction.

Method

a2

After manufacturing segments using a robotic
fabrication, assembling them on site, and making
additional segments according to the field data.

al Digital design was used to design an efficient form,
(A) structure, and material using method
Method a2 After manufacturing segments composed of fibers
using a robotic fabrication, it assembled on site.
bl| Shell structure composed of segments of fibers.
b2| Lightweight structure by using fibers.
®)
Result The fiber injection method of robotic fabrication
b3 increases material efficiency. It is prefabricated and
can be transported to another location for reuse in
the future.
Project C6. Woven Thread Pavilion(2015)
Location Mumbai, India ‘ Architect ‘ NUDES

A pavilion that mimics the arrangement of leaves design principle

bl

Hexagonal fiber segments combine to form a roof
and support it with fiber columns.

(B)
Result

b2

By adjusting the shape during construction by
reflecting users' behavioral patterns and microclimate,
it create an optimized space for the site. Using fibers
to secure the lightness of the pavilion

b3

The fiber injection method of robotic fabrication
increases material efficiency. It is prefabricated and
can be transported to another location for reuse in
the future.

with an optimal structure that has refined unnecessary parts

Project

C9. ICD-ITKE Research Pavilion 2016-17(2017)

Location

Stuttgart, Germany ‘ Architect ‘ ICD/ITKE

A pavilion with a cantilever structure that mimics the shape of a
leaf miner's cocoon

Designed using digital design to architecturally
al | produce phylllotaxis, the arrangement structure of
(A) plant leaves.
Method
Manufactured using CNC, mold, and thermoforming
a2 . .
to build organic shapes.
Based on the nature principle, an efficient form was
bl| produced by removing structurally unnecessary parts
of the pavilion.
®)
Result | b2 -
The pavilion is made of modules and can be used to
b3 e
expand the space by combining modules.
Project C7. ICD-ITKE Research Pavilion 2015-16(2016)
Location | Stuttgart, Germany ‘ Architect ‘ ICD/ITKE

A pavilion that explores new ways to use wood as a building
material and builds the principle of exoskeleton of sea urchin.

= ;\w
S
VAYAwAN

= %
s s, S

al Digital design was used to design an efficient form,
*) structure, and material using method
Method The pavilion is completely manufactured and
a2|transported to the site by winding fibers and using
robots and drones in factory.
bl| 12m span cantilever structure.
(B) |b2| Lightweight structure by using fibers.
Result . - —
b3 The fiber injection method of robotic fabrication
increases material efficiency.
Project C10. BUGA Fibre Pavilion(2019)
Location | Heilbronn, Germany‘ Architect ‘ ICD/ITKE

A large pavilion made with fibers to propose a new building

al

After analyzing
design is used

the characteristics of wood, digital
to design the shape based on the
characteristics of the material.

system by integrating computer technology and biological principles.

r'_

(&)

Co-design  process  using  digital  design to
comprehensively consider each element of architecture

Method

Using a robotic fabrication, a rod structure composed
of fibers is manufactured and assembled on site and
then covered with ETFE.

(A)
Method After manufacturing the segments that make up the
a2 |shape using a robotic fabrication, the segments are
connected using fiber.
bl| Shell structure with internal space of 9.3m.
It is possible to effectively respond to the tensile
b2 | force by combining the segments with a thread rather
B) than a fastener.
Result

b3

The pavilion 1is prefabricated and it can be
transported and reused in other site. By processing
wood with a robotic fabrication, the material is used
more efficiently.

Dome structure with internal space of 23m.

Lightweight structure by using fibers and ETFE.

(B)
Result

The fiber injection method of robotic fabrication
increases material efficiency. It is prefabricated and
can be transported to another location for reuse in
the future.
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Project Cl11. BUGA Wood Pavilion(2019)
Location Iéeilbronn, Architect ICD/ITKE
ermany

A large pavilion made of wood through the application of co-design
that integrates computer technology and biological principles.

Co-design  process  using  digital design to
(A) comprehensively consider each element of architecture

Method Structure are processed into segments using robotic
fabrication and then assembled on site.

bl| Shell structure with internal space of 30m.

The structure of the segments made of wood is a
b2| hollow structure that resonates and amplifies the

(B) internal sound without artificial equipment.
Result
st The pavilion is prefabricated and it can be
b3 transported and reused in other site. By processing
wood with a robotic fabrication, the material is used
more efficiently.
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