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ABSTRACT KEYWORD
Purpose: It is essential to secure sustainability and eco-friendliness in stadium construction, which is large in  HI0|20|0|=22| A=
scale and consumes a lot of energy. As an alternative to this, biomimicry Architecture is emerging. In this paper, we ded 3o -
. L . Lo : . . Bto|eo|o|A2| E7|& A=
tried to suggest the direction of the construction of the biomimicry stadium as an ideal future alternative. Therefore,
we are going to investigate the current stadiums where biomimicry is applied, and check which natural  Bjomimicry Architecture
characteristics are applied and how eco-friendly planning factors are reflected. Through this, this study aims to  Eco-friendly Stadium
identify the main characteristics and advantages of eco-friendly stadiums that imitate nature, and which aspects of ~ Biomimicry Stadium Architecture
planning elements to focus on. Method: The main morphological characteristics and eco-friendly characteristics
were checked centering on the 10 stadiums to which the biomimicry design was applied, and the eco-friendly
planning elements applied to each stadium were checked. As for the analysis criteria, the overall eco-friendliness
was analyzed by the application rate by checking the application of the basic 7 items of domestic green building
certification. Result: As a result of the analysis, the stadium architecture following the imitation of natural forms
serves as a landmark in a beautiful form, and the overall application rate of eco-friendly planning elements was
investigated at 74.8%. In particular, indoor environment planning elements with natural design were appliedthe ACCEPTANCE INFO
most at 94.1%, followed by maintenance at 93.3%, water resource management at 88%, materials and resources at  Received Apr. 22, 2023
87.2%, ecological environment at 59.7%, and energy and environmental pollution at 51.1%. Final revision received May. 15, 2023
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Table 1. Types of architecture by area of biomimicry
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Area(level)

Type of architectural imitation

Architectural Application

Organism level

(Imitation of living things) morphological imitation

Imitation of nature's form itself or creation algorithm,

It is reflected in the form of architecture, fagade, and space.
Shaping the shape of a unique and modern building

Behavior level

Imitation of function, structure, operation, physical
and chemical properties of nature and its elements

Reflected on building structure and building materials,
increasing the efficiency of the building's energy, structure

(Imitate the behavior of

living things) and movements

Imitation of biological functions such as reactions

Architecture that detects changes
in the surrounding environment
and reacts statically and dynamically

Ecosystem level
(Ecosystem imitation)

Imitation of an integrated system of living organisms
in whole or in part of an ecosystem

Composition of sustainable architectural structure and
environment by reflecting the integrated system
of the whole or part of the ecosystem
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Sign Stadium name Location Opened Capacity (seat) Gross floor area (m’) Imitation target
Qizhong Forest Sports City . . .
A Tennis Arena Shanghi, China 2005 80,000 85,000 Magnolia Leaf
B Water Cube Bejing, China 2008 6,000~11,000 65,000 Soap Bubbles
C Bejing National Stadium Bejing, China 2008 80,000 258,000 Bird's Nest
D Bilbao Arena Bilbao, Sapin 2010 10,014 30,808 Leaf
E Bao'an Stadium Shenzhen, China 2011 40,000 88,500 Bamboo Forest
Akron Stadium Guatajalza City,
F . . . 2010 49,850 110,000 Vol
(Chivas Stadium) Mexico oleano
G Hassan Bin Zayed Stadium Al ain, UAE 2014 25,000 45,000 Date Palm Leaves
H Pancho Arena Felcsut, Hungary 2014 3,816 12,000 Trees, Forest
1 Grandstand Stadium Newyork, USA 2016 8,125 11,612 Leaf
J Hangzhou Sports Park Hangzhou, China | 2019 80,000 60,000 Lotus Petals
Stadium

Fig. 1. Stadium

to be Analyzed

Table 2. Planning elements for eco-friendliness analysis

Evaluation items

Planning Items

Planning Elements

1.
Land use and

Ecological value

Ecological value of existing site, Land use / Use of natural terrain

Adjacent site impact

Feasibility of solar interference prevention measures

Reducing land environmental load

Conservation of raw terrain, Natural surface residual rate (Recycling of topsoil), Permeable packaging

transportation Proximity of public transportation, Whether bicycle storage is installed or not, Electric vehicl
Traffic load reduction . ¥ .p P ’ y & » mectnic vemicie
charging station
Energy performance indicator, Power automatic control system, meter installation by usage, High
Energy saving efficiency lighting, Equipment, Absorption water heater (High efficiency of facility system),
2. Energy and Recovery of exhaust and waste heat, Temperature monitoring
environmental Sustainable energy use Solar power, Local air conditioning, Geothermal energy, Wind power, Biomass
pollution

Environmental pollution

Prevention of global warming(Energy to reduce carbon dioxide emissions, Prohibition of the use of
certain substances to destroy the ozone layer, Evaporative cooling of water space) /
Waste(Recycling, Separate collection, Composting of food waste)

3. Materials and

Resource saving

Saving consumer goods used in the bathroom, Recyclable separation method, Variable structure
design, Long life design (Improved durability)

IS . ... . |Whether to use eco-certified products, Use recyclable materials, Reuse materials, Use sustainable
Sustainable resource utilization . . Lo . .
materials, Display carbon emission information of materials
4. Water Water circulation system Measures to reduce rainwater load (Rainwater Leakage Reduction Facility)
resource . Measures to reduce water supply for daily use, Watersaving sanitary appliances, Use of rainwater,
Water conservation . PPy y ¢ 1 PP
management Installation of heavy water supply

5. Maintenance

Systematic site management

Site management considering environment, Rationality of planning

Efficient building management

Provide operation and maintenance documents and instructions, Conduct TAB and commissioning

6. Ecological

Creation of green space in the
site

Natural soil green rate, Establishing green space in connection with surrounding environment,
Creating new pasture, wetland, mountain and wetland

Microclimate control

Wind path creation, Wind and shade planting, Hydrophilic space around the building

Secure ecological function

Greening of external space, greening of building walls, greening of roof, greening of artificial ground

environment - - — -
Creature habitat space Biotope composition (Land, Aquatic)
Ecological greening through native planting, Creating a local green community, and creating a
Locality amenities 8 . 8 g 8 p 8 S 8 . g
nature- friendly playground
Use of indoor air pollutant low emission materials, Air conditioning environment control, Natural
Air environment ventilation performance (Natural ventilation, Air circulation fan), Control of harmful substances
emitted from construction materials, Retractable roof, Wall, Louver system
7. Indoor ; ; - ; ; o
. ¢ Thermal environment Adopt indoor thermostat, double shell, Heat buffer space, Heat insulation to minimize heat loss
environmen

Noise environment

Reduction of indoor noise and noise in the water supply system for traffic noise

Light environment

Natural light, light duct, lighting plan by sensor, Shade control device

Comfortable indoor environment

Space for rest and recharging (Players, Visitors), Facilities considering barrier free
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SigJ Imitation | Application Form Image Main material
Target Type Structure
Y ‘ Morphological
"‘ I imitation - Steel folding
Magﬁolia : flowering roof
leaf of flowers
- Retractable roof structure in the form of 8 sliding
petals
- Kinetic shading fagade in which each roof rotates to
open and close
Applied * ° °
£ Concept [ oy
7] N & )
[18] ) W
<Conceptual diagram of opening and closing the S-petal
roof>
- Natural lighting, natural ventilation, ventilation, heating
Eco- and cooling energy saving system by retractable roof:
friendly 82% savings, artificial lighting and mechanical ventilation
S | b0 by 64 N
Listics -Kinetic shading facade: Responds to the building's
surrounding climate in real time to change its composition
and blocks direct sunlight at least 5 times stronger
.~ [Morphological - Steel space frame
imitation - ETFE Clad
_| : natural structure
ARET | Structure of [d - #28 - Weyer-Phelan
Soap bubblessoap bubbles| structure
- Voronoi elevation fagade formed by gathering soap
bubbles
- Composition of a cushion shell with ETFE film
covering the roof and exterior walls and blowing air
airtight
Applied
Concept
B G CYnpy § )
[7] <Voronoi Facade Construction and Energy Efficiency System
[13] Concgpr>
- Maximization of natural light by Watercube structure,
solar energy capture to control interior space heat and
heating water temperature
- Water conservation: rainwater collection, recycling,
Eco- efficient filtrationand backwashing system
friendly - Achieves excellent thermal efficiency with ETFE cushion
character shell, strengthens  light blocking. z.and insulation
Listics performance, saves up to 55% of lighting energy and
30% of heating and cooling energy
- Energy Recovery, Use of Renewable Energy, CO2
Cooling System: Natural CO2 cooling technology
reduces energy consumpion, waste and carbon emissions
- Seismic design

Fig. 2. Analyzing the shape and eco-friendly characteristics of the

building to be

analyzed
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Sigr] Imitation | Application T v Main material Gign| Imitation | Application e Tt Main material
Target Type Structure & Target Type orm lmage Structure
- Steel structure .
- Waterproof T M(?rp%loliaglcal - Steel structure
Morphologicall polymer ' . imitation e - Prestressed cable
imitation | 8 membrane Bamboo | . Vertical of B structure
: structure structure forest bamboo and . Membrane roof
Bird's nest | of the nest -ETFE forest
membrane - A structure that supports the weight of the stand and
structure . . .
the wide roof with a support elevation structure that
A mass that reflects the structural form of a bird's reflects the vertical line and thin shape of the bamboo
Applied | nest, and a structure that expresses the ambiguity forest
Concept | between inside and outside with numerous steel - Reflect regional identity
columns . Applied -The green steel pillars have a unique interaction with
[12] .
-Natural light, natural ventilation, ventilation, reasonable Concept | the bamboo forest pattern of light and shadow.
ventilation and air conditioning system with waterproof \ \ —
polymer membrane structure \ \\ VIR
- Rainwater recycling, heavy water recycling \\
C - Introduced a triple pump system consisting of a = e —— = TYED
[16] geothermal heat pump, cold water unit and hot <Space by bamboo forest pattern pillars>
[19] water unit: summer cooling, winter heatin and hot
Wat.er supply Air conditioning and heating energy FJCO- - Natural light, natural ventilation
saving friendly | A ibility i . directi
. L ccessibility in various directions
- Solar power. geperatl(?n: Use'of outc:loor p.laza. 11gh tmg chz'lrzfcter - Minimization of material use due to cable structure
- Powerful seismic design : withstanding seismic intensity -istics
Eco- 8.0
friendly - Applying eco-friendly building materials, optimizing & Morphological
character | . recycling ! imitation - Concrete shell
-stics - Solid waste collection and disposal unit V. ¢ Volcanic * Mebrane roof
- olcano Crater
roohopenis ____..-—".,'."' = -Mass that embodies clouds and craters created during
> - Applied | volcanic eruptions
{ Concept |- Lightweight roof structure, pitch and stand buried in a
e \ volcanic hill
\‘ s - Utilization of artificial green spaces, geothermal heat on
\I | TS hills, natural structures
<Energy ejficiency concept by steel ﬁame and ETPE - Air COIlditiOl’liIlg and natural ventilation
membrane structure> F -Building a water circulation system, collecting and
- Precast [8] recyclipg roof rfiinwater N '
% Morphological concrete panel [23] - Recycling materials such as silica sand, synthetic fibers,
% imitation structure and rubber sand
W . ) Eco- | Energy saving system such as high-efficiency lighting
e S mr] - patterns of Black coated €0 i .
trees and steel sheet friendly -Bullqlng an underground parking lot and natural
Leaf leaves - Galvanized character ventilation system
steel sheet -istics
- Fractal elevation fagade formed by simplifying the
D | Applied shapes of trfees and leaves on th.e hill
(6]| Concept - Designed like a tree suppoﬁlng the metal. fag:a@e
21] elements of the structure with steel sheets painted in
different colors
- Natural ventilation-Ventilation, natural light through a
Eco- pond or stream or greenish natural light as seen from
friendly under a cave, awning . . . - 4 - Steel Structure
chorncter - Acoustic friendly noise absorption with perforated G 3 M(?rph01f>glcal - Glass
_istics c()l:rugated board [9] 1mitation Membrane
(61121] - Rainwater and heavy water reuse system 20] : Le.af Panel 4
- Bright green perforated exterior reduces main energy leaves rotation - Steel iamond
load rid Structure

Fig. 2. Analyzing the shape and eco-friendly characteristics of the
building to be analyzed (Continued)
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Hlo|20|0| 32|12 5 H7|H

Main material

gnl Imitation | Application
Structure

& Target Type

Form Image

- A geometric fagade embodying the rotation of date
palm leaves and a palm tree trunk pattern

Applied |- Fractal fagade structure with shading and shading

Concept | functions by using parametric technology to enable
individual movement

- Combine images of arabian headdress

-Reducing the total energy required for cooling by
using the palm ball fagade concept, natural ventilation -
ventilation, natural cooling, the exterior works as a
passive cooling device

-Roof design for sun protection: natural light and
shading on the pitch and spectators, acting as a passive

G external shading device for the building
[9] -28% reduction in water consumption of the heavy
[20] water recycling system
Eco-  |. Use of non-toxic and eco-friendly materials, maintaining
friendly | ; pleasant indoor air environment
character |. 7494 waste recycling in the construction phase
-istics

- Utilization of solar energy
- Shade interactive playground

<Concept of awning and lzght control according to
individual movement by parametric technology>

- Laminate wood
- Grid shell
Morphological structure
imitation | | - Reinforced
; : Forest and concrete
Tree, forest| branches structure
- Natural slate
roof
H -Create an emotional space with an internal elevation
[10] structure by simplifying the shape of tree branches and

[11]] Applied | forest
Concept |- A structure in which a wooden structure unit in the
form of a branch meets the grid shell roof to form a
space

- Utilization of natural environment and remodeling

Eco- . .. . .
X terrain characteristics with wood material
friendly . o
- Energy saving through the use of low-energy building
character : .
istics materials (Jointed wood structures), solar collectors, etc.

- Rainwater recycling

- Reinforced

concrete
Morphological
B orioce B

o Q) imitation W membrane
/‘~ F| : Pattern of |k ’
L 7 PTFE canopy
1 Leaf eaves structure

[10] - Metal frame

- Leaf-shaped canopy, elevation of simplified fractal

Applied | pattern by transforming and rotating the leaf pattern
Concept |- Fagade. Porous structure composed of 486 geometric
panels utilizing opaque, translucent Teflon and PTFE

Fig. 2. Analyzing the shape and eco-friendly characteristics of the
building to be analyzed (Continued)
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. Imitation | Application Main material
F
Sigl  rarget Type orm Image Structure
- Porous fagade design provides natural ventilation, natural
light

- Retractable Teflon roof structure

- Rainwater, heavy water utilization system, advanced
rainwater treatment system, general case 40% reduction
in water consumption compared to water

- Waste recycling: more than 90% of landfill waste

- Food disposal compost system, recycling bin

Eco- |- Keeping the stadium cool by reflecting heat through the

I friendly | white roof

[10] cha:lm.cter - Maintaining a pleasant indoor air environment by using

-istics | non-toxic, eco-friendly materials

< Porous fagade concept and interior view of
geometric panels >

Mgrphol9glcal i - Steel Truss
imitation ~
3 - Modular
: Petal Structure
Lotus leaf shape

- Repetitive truss petal module mass in the form of a
Applied | lotus leaf.

Concept |- Plant iconography applied as a flowered roof structure.
J -28 large petals and 28 small petals

[15]

[22]

- Energy-saving mass
- Minimize materials, minimize the use of steel materials
Eco- |-Natural light and ventilation with a modular petal
friendly | structure that opens and closes according to the amount
character-| of sunlight
istics |- High efficiency water source heat pump, air handling
unit, chiller control system, fan coil unit
- Energy saving through heat recovery, air conditioning
system, and high-performance control system

Fig. 2. Analyzing the shape and eco-friendly characteristics of the
building to be analyzed (Continued)
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o5 LAGH A¥ Table 3.9 2ot A4 A =9 852 oA H EdHed
88.9%% &> 14%%% Huom, A8 FHolH M &2 A8E A el A-8H olv A 9 E3 o tiF ) Al Ag g4
29 B4 GFO2 100%2 BF AGHYOA, IFS A F ] H§ o2 ZAste] BAT AT Table 4.9 ek, WA A G
7 5%5} Aol 91.7%, 1-E st A4 86.7%, A 7HA7t = HFES S11%2 HEheH, Al dEAME v dof
82.5%= AT et Al F PJ fQaoMe dx2d 4 FA A 75.7%, 873 2 F A7k 2 60%, 214 7Hs5t oy 2] A-g-o] 10%
B 1 3] HE, ARARTA 2] 477 208 o= 7 & 4 2 A HAR AT A g2 E 188 5717 HH], LEF
S5 gler, Ira2 &4 "é ZEA, s 2340l 18 ) 54 22 AH g9 A Zelae 7 Ee v el -8
H, Oo52 71E tiA o] AEsHs 71, Az 2 FEEo] 17 o] 204 o2 7P W2 -85S Kol kg A A Alof Al
4, 0ee B4 D AA AP ol gl 167, A/ A5A 547t A9, S=E AR A, olaket wiE A oK) AHge] o
14402 Hex7 9ot HE Aarlo] 19408 2AE T vhdo] o Wk Ze up
Table 3. Land use and transportation planning factors applied to the analysis target
Plan items Planning elements A B C D E F G H I J | Score | Total
Ecological value of existing site o o o o A o A A o o 17
Ecological value 33
land use / use of natural terrain A o A o o o A o A o 16
Adj.acent site . Feasibility of. solar o o o o o o o o o o 20 20
impact interference prevention measures
Reducing land Conservation of raw terrain o o o o o o o o o o 20
environmental Natural surface residual rate o A A o o o A o o o 17 55
{vud Pluggable packaging A A o o o o o o o o 18
Proximity of Pubhc A o o o o A o o o o 18
Traffic load transportation
. . .. 52
reduction Whether bicycle storage is installed or not o o o o o o o o o o 20
Electric vehicle charging station o o o A o - A A o A 14
Total score/total ratio(%) 15 16 16 17 17 15 14 16 17 17 160/88.9
Table 4. Energy and environmental pollution reduction plan elements applied to the analysis target
Plan items Planning elements A B C D E F G H 1 J Score | Total
Energy performance indicator o o o o A o o A o o 18
Power automatic control system o o o o o o o A o o 19
3 Meter installation by usage o o o A o o o o o o 19
s:sirfg High efficiency lighting, equipment o o o o o o o o o o 20 106
Absorption water heater A o o - - - - - - A 6
Recovery of exhaust and waste heat - o o - - - A - - o 7
Temperature monitoring o o o A o A o A o o 17
Solar energy - o o - - - - A - - 5
Solar power - - A - - - - - - - 1
Sustainable Use of Local air conditioning - - - - - - - - - - 0 ”
energy use | renewable energy Geothermal energy - - o - A o - - - A 6
Wind power - - - - - - - - - - 0
Biomass - - - - - - - - - - 0
Energy 'to redu.cev carbon A o o o o o o o o o 19
dioxide emissions
. Prohibition of the use of
Prevention of .
. certain substances to o o o o o o o o o o 20
global warming
destroy the ozone layer
Envi tal E ti li f 66
ol vaporative cooling o i A o ) i A i i i A 5
water space
Recycling separate
X o o o o o o o o o o 20
collection
waste
Composting of
- - - - - - - - o - 2
food waste
Total score/total ratio(%) 16 23 27 14 16 18 17 14 18 21 184/51.1
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FEoAE FA =27 HHlsh 7*— T2 TR LYY 7P °*2Ur B3l A 244 o] 24§18 = H9t5
0] FiA Lz A7 2-go] =t A=<l AulE A8 AR = 8OAM RIGHE 2oz 2AF Hol dF Hhgom A3 HoloH,
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S ZAFGH A} Table 5.9t 2}, A4 A3 G2 AEEL87.0%0]  SBE 88%0|m, AT FEAE 5 B8 AA TE] 90%, 57t
o, A2 FRAME A% JHT A Bgo] 94%, ALYl A BPo 87.5% A Hck AR AL LA TG A5
78.8%2 AL STk AR A 2ol M B ASBL Y A% AT A4 94717 gl 0908 B AgH flos
Aol A AFG-El = AHA] doft Xehy Q1T AlE AR o, 21457t ZAF E QU o524 Fot A7 diF o] 184, T4 = A AT
AR AL R 2AF E QI Oohs Aot AA o Al E-E 7 174, = o] 80l 134 o= dta o = bk deofat wed A g
s 2 AR, AR Ba HlEF FE EA T 194 2= A [0 dis) 4540z 27t HAl s Al s A
Table 5. Material and resource planning elements applied to the analysis object
Plan items Planning elements A B C D E F G H I J Score | Total
Saving consumer goods used in the bathroom o o o o o o o o o o 20
Reso.urce Recyclable separation method - o o o o A o A o o 16 6
saving Variable structure design A A A A A - A - A A 8
Ong life design (improved durability) o o o o o o o A o o 19
Whether to use ecocertified products o o o o o o o o o o 20
Use recyclable materials A o o o o o o o o o 19
Sustainable -
resource Reuse materials A o o A A A o o o o 16 04
utilization Use sustainable materials o o o o o o o o o o 20
Display carbon emiss'ion information of A o o o o o o o o o 19
materials
Total score/total ratio(%) 12 17 17 16 16 14 17 14 17 17 157/87.2
Table 6. Water resource management plan elements applied to the analysis target
Plan items Planning elements A B C D E F G H I J | Score | Total
Water circulation Measures to reduce rainwater load A o o o A o o o o o 18 18
system
Measures to reduce water supply for daily use o [ o o o o o o o o 20
Water' Water-saving sanitary appliances o o o o o o o o o o 20 0
conservation Use of rainwater - ° ) o - o A o o - 13
Installation of heavy water supply A o o o o A o A o o 17
Total score/total ratio(%o) 6 10 10 10 7 9 9 9 10 8 88/88
Table 7. Maintenance plan elements applied to the analysis target
Plan items Planning elements A B C D E F G H I J | Score | Total
Systematic site Site managerpent .considering'environment, o o o o o o o o o o 20 20
management rationality of planning
Efficient buildi Provide operation & mair?tenance documents o o o o o o o o o o 2
rlrj;ir;gerxzntmg & instructions 36
Conduct TAB and commissioning A o o A o A o o o A 16
Total score/total ratio(%o) 5 6 6 5 6 5 6 6 6 5 56/93.3
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8 B2 73 3 A= Table 7.7 2o AA A % Ta7} e SE T HAE A Y Q40 AL o BE ARG Ay A 4
— Q20 Z L] o] o 3] QA0 AQ oJBE 3 5 A
100%, E-&29 AR B2|7} 90%E ZA} EQlt}, o] Hlo] nn| 882 59.5%% ZATE O, AY 940 A§ o RE AT
o . _ . . kU 7l 7F JIAF A Q2 0] =0 AlF] TR Ix =7
38 A% F +32 $15 BIM, Rhino 3D, Co- bmputational 3 Table 8.3} 2t} 7P 5 88] w2 AR 952 oA Hl =7
- - IIF 2 Ao O Ha=0 p]y]s Z2AHo 4
Solver 9] L2 IWE AH§ote] TAB W A dge gajstm, i &% LAIT33%0IR Ak A8 &2 nivl 240 117%, A
A7d oY E 61.7%, A= A4 F7F0] 58.3 %, BElA 715 &
Table 8. Ecological environment planning elements applied to the analysis target
Plan items Planning elements A B C D E F G H I J | Score | Total
Natural soil green rate o A o o A o A o A A 15
Creation of. Estabh‘shmg green.space {n connection o o o A o o o o o o 19
green space in with surrounding environment 44
the site i i
Creating new pasture, wetland, mountain, A A A A A A A A A A 10
and wetland
Microcli Wind path creation o o o o o o o o o 20
lir:;:trl(r)rllate Wind and Shade planting o o o A o o o A 17 43
Hydrophilic space around the building - o o - - A - - - A 6
Greening of external space A o o o o o A o o o 18
Secure ecological Greening of building walls - - - - - A - - - - 1 »
function Geening of roof - - - - - - - - - - 0
Greening of artificial ground A A A o A o A o A 13
C habi Biotope land o A o o o o o o o o 19
rea“g“zcea itat Composition aquatic oA A A s s
P Bio Habitat Restoration Design A o o o A A A A A A 13
Ecological greening through native planting A A A o A o A o o A 14
Locality - -
L. Creating a local green community o o o o o A o o o o 19 37
amenities
Creating a nature-friendly playground - - - - - o o - - - 4
Total score/total ratio(%) 17 19 22 18 18 23 18 19 19 18 191/59.7
Table 9. Indoor environment planning factors applied to the analysis target
Plan items Planning elements A B C D E F G H I J Score | Total
Use of indoor air pollutant
.. . o o o o o o o o o o 20
low emission materials
Use of indoor air pollutant
.. . o o o o o o o o o o 20
low emission materials
Air environment Natural Na'ture‘ll o o o o o o o o o o 20 12
ventilation ventilation
performance Air circulation fan o o o o o o o o o o 20
Control of harmful substances emitted
: X o o o o o o o o o o 20
from construction materials
Retractable roof, wall, louver system o - A o A - o - o o 12
Adopt indoor thermostat A o o o A A o A o o 16
memal Double shell, heat buffer space A o A o o o o o o o 18 52
environment
Heat insulation to minimize heat loss o o A o A o o o o o 18
Indoor noise level for traffic noise o o o o o o o o o o 20
Noise environment i i 39
Noise reductlion of we%t'er‘ supply and A o o o o o o o o o 19
drainage facilities
Natural light, light duct o o o o o o o o o o 20
Light environment Lighting plan by sensor o o o o o o o o o o 20 58
Shade control device o o o o o o o A o A 18
Comfortabe Space for rest and recharging o o o o o o o o o o 20 40
indoor environment Facilities considering barrier free o o o o o o o o o o 20
Total score/total ratio(%) 29 30 29 32 29 29 32 28 32 31 301/94.1

(©2023. Korea Institute of Ecological Architecture and Environment all rights reserved. 73



HH0|20|0]32|2 225 A7

4

2|8 = S =
o 2187 S8 U HE 24 B4

7H40% 0.2 AL AR AT 9292 A2 92 v) 7H
O AGRE U 240l Ik 9 84 4 54 73,
%4 108, A9 19 ARUE 240 197, 9% 3 557} 18
R U 2 A4 17, QAN S E0] 159, EEAAE
T4 A 5} 147, AN 55 ABAAA B9 AL 137
O ThE G5 us) AgFo] B ettt WY S A, A
5ok, 24 ¥, AR old 24, A2 W A4 31 24
ol yridoz e A48 24 Holth

7 AU 23

A g4 B AlE a4 0] A
SE2 94.1%01H, A5 A a4d A
Table 9.9} Zth. Ag] gEolA 7H¢ =2 A5 H A AU
730] 100%= 7H3 2 gigo] EgloH
B4 96.7%, B7] B4 93.3%, &4 34 86.7% &0 2 FAE Q)
ot AR AE] @4 s diER A2 A-go] Eo] 208 A &
a7t ko] ZAFEIQITh AA| 1670 AlY 8.4 F 157 8471163 ©]
o2 A3 9o, 37 oA M4 A g ¥ FH AL
12302 A EQT U A H 02 A 4] 250l o]
Ag5 Fo] 5xoln, 22 Y7 24 7)5& Yol AAgt 2}
&, &7l o] g Ao XA} HQlLt.

3.4. 24 ¢
Htol e wn| 225 A&
73 A% a4 HA gt wt 7}
K W Fig. 3.0]1A4] E0] A i?é 94.1%, 52+ B 88%, A=

Enerar
environmental pollution

Materials
and resources 87.2%

‘Water Resource’
Management

Maintenance 93.3%

Ecological
environment

TIndoor
environment

0% 10% 20% 30% 40% 50% 60% 70% 60% 90% 100%

94.1%

Fig. 3. Total application rate of eco-friendly planning elements
applied to the analysis target

Land use and Enerav and Materialsand ~ Water Resource  Maintenance Ecoloaical

Indoor
transportation  environmental resources Management environment environment

pollution m Fitness m Partial Application m Unapplied

Fig. 4. Comparative analysis of detailed application rate by plan
element

74 KIEAE Journal, Vol. 23, No. 3, Jun. 2023

9 2+ 87.2%, e 74 59.7%, oA 2 O A 51.1% +=©
2 4§85 By 127 7 A% FEE 4§ ES WA HoE
g8 %8 202 Aeistol AAsh Fig. 5.9 2o,

AR A BNA A B30l H %L Bl gk, o
L 2 g 5Bl 499 T29 FeE RSt A5 G

oo ARl ol W v, R, S, 480 O %
%, 87, 558 5 IAT 4% 282

gl

o A At 7

Comfortable
indoor environment

Light environment
Noise environment
Thermal environment

Air environment

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(1) Indoor Environment

Efficient building
management

Systematic site| 0.0%
management

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

(2) Maintenance

Traffic load reduction
76.7%

Reducing land

environmental load 83.3%

Adjacent site impact | 0.0% 100.0%

Ecological value

0% 20% 40% 60% 80% 100%

(3) Land use and Transportation

Water conservation

82.5%

Water circulation system

0% 10% 20% 30% 40% 50% 60% 70% BO% 90% 100%

(4) Water Resource Management

Sustainable
resource utilization

Resource saving

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100%

(5) Resource Management

u Fltness m Partlal &pplication = Unapplied
Fig. 5. Application rate of detailed planning elements by item



Locality amenities

Creature habitat space

Secure ecological function

Microclimate control
63.3%

Creation of
green space in the site

0%  10% 20% 30% 40% S50% 60% 70% BO% 90% 100%

(6) Ecological Environment

30.0%

Environmental pollution

86.7%

Sustainable energy use

Energy saving

0% 10% 20% 30% 40% 50% 0% 70% BO% 90% 100%

(7) Energy and Environmental Pollution Reduction

w Fltness m Partlal Application » Unapplied
Fig. 5. Application rate of detailed planning elements by item (Continued)

H 2739 HAS =371 dzoll Al &gl tigt 2850l =4
UER . ofof whet 7] A A Adu]et U A E A A&SHA
o] oA & Aoksl, Q AEA A HE AA 9} 95 2 A
Azet Al2rdo R F7] FAo] Fofx| 1, AT} ofuf ] ko]

oFol Ao 24 Hgith 12T £74 Tel} A G Eol &
2 0l 2A 4 A7} Azekn Zo) Rk A\ of AIto]
B HOFE AT LA LW o) AT S 27 AR 2 gto]
7] Lhehta glek. W, A2 02 A B3 oA 2 3
2@ 27| bkt o] =AIA o] 115to] 4] A% 3 A
Zo| 40D ThoFe kx| T4 ASHTH AL WAL BEA F
¥ )R 30 ot NAUEL 91T 1A ARUEE FHOR 2
Q3 ik, D)1 R0 B F9 Afurate] i 7} REg
Aol o] skl FAH 02 7] A2 FH =5kt T 24
o2 ZW Ao A FEH= Alst got AHA Y B4 &
HHIke 79§42 AAE B2 FHS 1 e A0
2 2499 e 2% Fe AL A4S mgstel 7414
02 AAYHE Fot AR WAAA T AAF VY %
e OIFE B2} AREOR 2 H5lek T2 od A €8

2 go] o] 2of 2|} B} 5

2,
[0 ol
oAl
Hr mo

[m
k)
HU ey

3

>

-

o

3l

4

o

a3

o

£

g

o

a
o B N = Ho

=

r

2

oly

It
He

o 32 rlo
ox Ju &

do =

H,

o W o g 3o ot

oo 2 PN L Jm
>

7FE= 3 1%—4 7H9}—
= qlet. o] ] ArgA o] BE % ot
Hgtof| OfRt ofufx] o] Akt 2%
Ecosystem level BA AFlE ZAL =] 2] Foteh, 12| B2 g% Hio]
onm 32 77173 tAFeloA Behavior level#} Ecosystem level
9AE A48Z B Bk H52<1 Jfde] astrtal of AXIc

A4, At A5 diFR A o] 7H e FERAR S
7}1]‘31 el 05/%}01 ~§>}7§H 02 2 qAte] HEntA R A9 o
AmE gt 202 AL E Itk 12
J_—'—EF%*EE} anqu o =2 Yyl vigto] & Fol= W 1Xo JH =
7IAA AdH] glo] et Fk, 37|55l et Ad A 2 - o] He
TFEE AU2] oAl A% el FrHE olor, 7HHe A
Amot AR L2 2 Hag 4350 2 AAd okt 24715
4& FoL Qe A0 R ZAEGITh

A, ZAL el A48 28 A8 Q45 EAR 23t
P vkl ¥]&-L 74.8%°]H, ZF A3
94.1%, =2+ ] 88%, A= 9 x}‘ﬂ 87.2%, A
HA LA E 5.1 402 A8
WS 5ol Wit Bl 371 tigh
2k, 2 FF 0 gl
9 94 FHAA =2 A8
Hh Aol Gk a1, &

A el el 7
S

}

@aniﬂaia

(D
joa
o
=
@]
=
o
<
a.
o
T
W
[ )

il

O
_fmio
T
3:9.
T
o,
rr o
N
s
ol
2 S
MU 2 2 oo H 2 ont 2

Zi r
Ju
X
o
fu
I,
ole
o,
2
i1
=
o g,
oy, =24

v
o
X
rr
Y
re

|
o,
e
i

kl
o
N
H,
i)
o
e
I
)
oo
=]
ot
BN
i1
)

H7 el v g

s bbb o
Ao FRoAE 7
ofju1 2| el S 417
A A a2z A5 of
§8o] e o= ekt

oo
2 R
=
i
B

Skdy

re HU
iy
12
ol
A
fu
R
rlot
ol
)
= o
—‘;j |m
= oX
w O
ot L

>
::4‘
= o
=
v}
Ry
©,
oo
i)
2
ful
[T o
-
R
>
[>
iy
o,

5 %L’%ﬂ/ﬂ a Pr—Em A g8 & 1 A A Z7F H AL, AR o olof @A Htolemm| 2] H7F A% T AAFEHE
U7 o] gt Adv] &g T °1]L111 HoF A 2”2 o] ¢ 5 Hhgsto] 79 243 Wk zotE v 2y AAE S ollv A A
ol 4gEo] W Aor spotHny, I8l HAx A Hor Fo] F ofat A7 A T 2/l = OPE}% Z LAl e RS
3 Ao QA ¢ T ASo] A, I Hop= A 5 2 5 dioleuln| 22 A7 AEoAE Tt FEiA 2ol
T2 5% I A L"o] F71 Hof Ag-Eo] AA UEd Aow | A 7895 AHgste, 24 2199 7] %9t A A2 B4 vt
hob= ok ofo] 1 ArAg7g ol wh-gsto] A2 ofu A& Fitska A%
She o) A28 H3H 0.2 2§k, A A9 840 A

919 H3H EUL BT FFHA ALH 482 E o 2ol

(©2023. Korea Institute of Ecological Architecture and Environment all rights reserved. 75



Blo|20|0|3 2|8 283 Z7I% A0l AEF S4 U AL 24 24
= T87F AT AAZ. o] & Tl FF = &R B 2023.03.20.
= = - 18] Solarlits, Biomimetic kinetic shading facade inspired by tree morphology
2L glol spur & H} HFH .2 © @ 5171 "HFAlo] o [
22 Bt A Al Fe) 29 -2 -85k, §hgo] of & 31 for improving occupant’s daylight performance, https:/solarlits.com/
A% aaE F v Zdeele AE o] o] Fo it o 4}l vl jA/8-65#2, 2023.03.20.
= 215 = 19] Shutterstock, Bejing National Stadium, https://en.wikiarquitectura.comy/
5 25kA A7AF djo L3l Ao P [
3 AL 71 et AATE 7hs @ Aol oA K building/beijing-olympic-stadium/, 2023.04.02.
[20] Thornton Tomasetti, Hassan Bin Zayed Stadium, https:/www.thornto
ntomasetti.com/project’hazza-bin-zayed-stadium, 2023.04.08.
ACknOWIGdgement [21] WikiArquitectura, Bilbao arena, https://en.wikiarquitectura.com/building/
bilbao-sports-arena/, 2023.04.02.
. . _ [22] Wikipedia, Hangzhou sports park stadium, https://en.wikipedia.org/wiki/Hang
2 A= 20189 AT o] Fek i1V 2 AFALY €] zhou_Olympic_Sports_Expo_Center, 2023.04.08.
2] Y-S ol 48w Anz o|Fo]H&UTH HAHE: NRF- [23] YD YANKO DESIGN, Akron Stadium, https://www.yankodesign.com/
= =0T = TR = 2009/ 01/28/it-is-a-football-stadium-inside-a-volcano/, 2023.04.08.
2018RID1A1B07043552)
1) &% =19 47178] 197 A9 @49t wlwrt-golste s 7|E Ao
References S8 AL as BARE G822 A w405 A5 IES A
S 712 FE5 A4Skl LEED, CASERY| MlF =52 HESI 47173
of o] 7Fsdt FEE Fot] 7|2 H o2 ZA A BE ARG PO
(1] A28, =u-9] skl 2718 28 A9 84 da a7, 3= thokst A7l A4 HEE e EdE B4 7% et
KIEAE Journal, A20% A|s&(F A105%), 2020.10, pp.61-71. // G-SEEDS] A2 84 9l 27} A3 8 4% oldjal#2 X7]5

(J.K. Kim, A comparative study of eco-friendly planning factors for
summer stadiums in Korea and abroad, Korea: Joural of the Korea
Institute of Ecological Architecture and Environment, 20(5), 2020.10,
.61-71.
Wiva, Al e B A9 Al 487 Agase] 19 9
T, R ALl =R, A9 ABS(EE  14039),
2020.06, pp.41-55. // (JK. Kim, A study on the environmental-
friendly elements of foreign stadiums through case analysis, Korea:
Joural of the Korean Insti- tute of Interior Design, 29(3), 2020.06,

pp.41-55.)
B] AeE =g, Holenuae] A= txl M B4 A, o

tietA&stel =22, A38W A123, 2022.12, pp.47-54. // (D.H. Seo,
Y. Park, A study on the design approach characteristics of biomimicry
architecture, Korea: Journal of Architectural Institute of Korea, 38(12),
2022.12, pp.47-54.)

247, BAY, Aesha wel] ofg slolonln|ae FAtiARl £
A AT, FOARJIEH, Al433, 2014.04, pp.105-118. // (S.K. Choi,
JM. Moon, Research of biomimicry space design characteristic based
on the ecological point of view, Korea: Korea Design Forum, No43,
2014.04, pp.105-118.)

AL 239, oA, HiolermmIEe] Tk E ASHAR] AR
A, FHEstEE] =Ry, AS4S, 2016.05, pp.137-148. //
(K.S. Hong, H.EE. Cho, S.Z. Yi, A case study on architectural design
methodologies based on biomimicry, Korea: Journal of Korean Cultural
Space Architecture Society, No.43, 2016.05, pp.137-148.)

AGNYANA, Bilbao arena, https:/agnyana.wordpress.com/2013/05/29/bilbao
-arena-and-sport-center-by-acxt-architects/, 2023.04.02.

ARUP, Qizhong Forest Sports City Tennis Arena, Water Cube, https:/
www.arup.com/projects/chinese-national-aquatics-center, 2023.04.02.
Architonic, Akron Stadium, https://www.architonic.com/en/project/axor
-estadio -omnilife/5101662, 2023.04.08.

Archello, Hassan Bin Zayed Stadium, https:/archello.com/project/intera
ctive-playground-at-new-hazza-bin-zayed-stadium, 2023.04.08.

Archdaily, Pancho Arena, Grandstand Stadium, https:/www.archdaily.
com, 2023.04.08.

Architect Magazine, Pancho Arena, https:/www.architectmagazine.com/
techn ology/architectural-detail/innovative-detail-pancho-arena_o, 2023.04.08.
Designboom, Bao'an Stadium, https://www.designboom.com/architecture
/gmp-architekten-baoan-stadium/, 2023.04.02.

GRAPHICNEWS, Water Cube, https:/www.graphicnews.com/en/pages/
22575/olympics-national-aquatic-centre-venues, 2023.04.02.

MDPI, Biomimicry Architecture, https://www.mdpi.com/2313-7673/8/1/
107, 2023.03.20.

Nbbj, Hangzhou sports park stadium, http:/www.nbbj.com/work/hang
zhou-stadium/#previous, 2023.04.08.

[16] Rethinking The Future, Bejing National Stadium, https:/www.re-thinking
thefuture.com/architectural-facts/a2572-10-things-about-you-did-not-know-a
bout-birds-nest-china/, 2023.04.02.

Science Direct, Biomimicry as an approach for bio-inspired structure
with the aid of computation, https://doi.org/10.1016/j.a€j.2015.10. 015,

(10]
(11]
[12]
[13]
(14]

[15]

(17]

76  KIEAE Journal, Vol. 23, No. 3, Jun. 2023



	바이오미미크리를 적용한 경기장 건축의 친환경 특성 및 계획 요소 분석
	ABSTRACT
	1. 서론
	2. 바이오미미크리 개념 및 건축 유형
	3. 바이오미미크리 경기장 건축의 친환경 계획 요소 분석
	4. 결론
	References


