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ABSTRACT KEYWORD

Purpose: Design methodologies have changed as technologies evolving in the architectural design field. It is ~ Tr2tHE2] C2}Ql

possible to identify and apply performance criteria in the pre-construction stage of a building through simulation in ?E—':-—; 774\ lljl\f gtE
fields such as daylight, thermal environment, structure, etc. Sustainable development, considering the comfortable EH AlE E|2Dfol
indoor environment and eco-friendly aspects for the occupant, and through this, it will be possible to propose =2t A|Z23j|0|M
various types of passive design. Method: In this study, parametric design was implemented using Rhino and
Grasshopper, and daylight environment analysis was conducted using ClimateStudio, an building performance ~ Parametric Design

. . . . . . . Eco-Friendly Facade
simulation program. Furthermore, through a comparative analysis of prior research, the types of exterior shading Louver System
devices for buildings were classified, and their design characteristics were systematically analyzed. Based on this,  pagsive Design
a simulation was performed using the implemented shading device and the results are compared and analyzed.  Daylight Simulation
Result: As a result of the simulation, high-performance shading devices were selected from the louver type or panel
type according to design type, and the differences and characteristics of each type were compared and analyzed. -
Additionally, the values from each shading device were compared with values according to LEED standards. This Received Aug. 6, 2024

. . . . . . .. . . Final revision received Aug. 29, 2024

comparison was visualized through ClimateStudio to achieve intuitive results, and LEED credit evaluation was also .- epted Sep. 4, 2024
possible concurrently. When this optimization design process is applied to the actual design stage, it will be possible
to propose a high-performing passive shading device design according to the use and conditions of each building.
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Fig. 1. Process of research

Table 1. Plan and section diagram of testbed
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Table 2. Case of exterior louver design(1)
Liverpool San Mames Amorepacific Luanda Hongzhu Housing | Claude Debuss
Project m, . Pa Tooker House Multisports % s Y
(Year) Altabrisa Stadium Headquaters 2017) Pavilion Sales Center Conservatory
(2012) (2014) 2017) 2012) (2013)
(2013)
|
Image ’ ’ ‘ ’ )
(© Jaime Navarro (© Airtor Ortiz © Yugyeom Kim | (© Bill Timmerman | (© Fernando Guerra | (© Chic-Ming Wu | (© Sergio Grazia
. . . David Solomon Berger Basalt
Architects Inaki. Echeverria IDOM Chipperfield Cordwell Vuenz Arquitectos Lab Modus Architecture
Location Vlli\a;;ir;{':;)sa, Bilbao, Spain Seoul, Korea Tempe, US Luanda, Angola Taiwan Paris, France
Program Commercial Stadium Office Dormitory Stadium Commercial Education
Material FRC ETFE Aluminium Metal Metal Metal Metal
Type Twist - Vertical | Twist - Vertical | Fins - Vertical Fins - Vertical Fold - Vertical Fold - Vertical | Fold - Perforated
Kinetic Fixed Fixed Fixed Fixed Fixed Fixed Tilt
Methods
Main Function Aesthetics Shading Shading Shading Shading Shading Shading
Facing NE, NW, SE, NE, NW, SE,
Direction E, W, N SW SW S, SE E, W, N, S S SW
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Table 3. Case of exterior louver design(2)

UCSF Medical
aked i Y
Project Al Bahar Towers | Nebuta Museum | Center Parking Cl(l;ﬁ:l(;m Fobury Place Kia 360 Theni:tsil; lP:::\II)i?ion
(Year) (2013) (2011) Structure 2015) (2016) (2017) @012)
(2012)
Image
© Aedas (© Iwan Baan (© Tim Griffith | (© Mostafa Karbasi | (© Edmund Sumner | (© Yugyeom Kim | (© Yugyeom Kim
Admun Design &
Architects Aedas Architects Molo Design WRNS Studio Construction Aukett Swanke CA Plan SOMA Lima
Studio
Location Abudabi Aomori, Japan San Flrja;msco, Tehran, Iran Reading, UK Seoul, Korea Yeusu, Korea
Program Office Museum Parking Apartments Institution Exhibition Exhibition
Material PTFE Metal Aluminium Brick Metal Aluminium GFRP
Type Fold Twist Fins - Vertical | Rotate - Vertical | Twist - Vertical | Rotate - Vertical | Twist — Vertical
I\I:; Itllit)tl:s Origami Fixed Rotate Fixed Fixed Fixed Twist, Compress
Main Function Shading Shading Shading Shading Shading Shading Aesthetics
Facing E WS NE NW.SE- | g woN, s S E W E S, W w
Direction SW
Hospital de . . S20SB
Proiect Navamra Bvoom AB De Young Bukit Pantai Headq s The Street J. G. Jabbra
(Y:ar) Biomedical Ol)',lil;ce . Museum Residence o nferen“a’ceteHa“ Ratchada Library
Research (2005) (2015) 2016) (2017) (2020)
Center(2011)
‘uuhwlw
[T
Image ‘
LT
LY
(© Rubén P. Bescos | (© Markus Linderoth | (©) Johannes Marburg © Lin Ho (© Thomas Mayer (© Luke Yeung | (©) Bahaa Ghoussainy
Johan Sundberg Atelier
. . . Herzog & de . .
Architects Vailo & Irigaray + Blasberg Meuron O0ZN BINAA Architectkidd Pagnamenta
Andreasson Torriani
. . San Fransisco, Kuala Lumpur, . Bangkok,
Location Pamplona, Spain Lund, Sweden Us Malaysia Hendek, Tirkiye Thailand Blat, Lebanon
Program Institution Office Museum Residence Office Commercial Library
Material Aluminium Aluminium Corten Steel Aluminium Metal Aluminium Metal Mesh
Type Fold - Perforated | Fold - Perforated Perforated Perforated Fold - Perforated | Fold - Perforated | Fold - Perforated
Kinetic . . . . . . .
Methods Fixed Fixed Fixed Fixed Fixed Fixed Fixed
Main Function Shading Shading Shading Shading Shading Shading Shading
Facing NE, NW, SE, NE, NW, SE,
Direction NE, SW SW NE, NW, SE SW, NW SW SE E, S, W
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Table 4. Summary of literature reivew

No. Author Year | Modeling | Optimazation | Simulation | Space Program | Independent Variable
1 |JW. Park, D.S. Lee [19] 2023 |RH, GH |GP LB - AR

2 |J.S. Kim, MK. Kim [20] 2023 |RH, GH LB OF TF

3 |KR. Kim, K.S. Lee, H.S. Cho [21] 2023 |RH, GH CS CR WH, TF, PL

4 |Z. Luo et al. [22] 2022 |RH, GH DV OF AR

5 |S.J. Choe, S.H. Han [23] 2022 |RH, GH LB, HB OF TF, AR

6 |D.I Kim, J.K. Han [24] 2022 |RH, GH |GP LB, HB OF TF

7 | R.P. Khidmat et al. [25] 2021 |RH, GH LB, HB CR, OF PL, DG, AR, OH
8 [JY. Kim, SW. Kim, Y.C. Jeon [26] 2021 |RH, GH DV - OR, PL, TF

9 |S.Y. Jung, G.W. Kim, D.J. Kim [27] 2021 |RH, GH |GP LB - TF

10 | D.H. Baek, S.J. Chang [8] 2021 |RH, GH LB, HB, OS |RF TF

11 |S.H. Ko [17] 2020 |RH, GH LB, HB OF, RD PL, SP

12 | D.J. Jang, S.A. Kim [28] 2020 |RH, GH LB, HB OF 1C

13 | S.N. Hosseini, S.M. Hosseini, M. HeiraniPour [29] | 2020 |RH, GH DV DW TF, PL, ST

14 |K.J. Lee, R. Ryu, Y.S. Kim [30] 2020 | MK PV - FA

15 | WH. Lee [31] 2020 |RH, GH |GP LB - TF

16 |J.H. Kim, J.H. Kim [32] 2020 |RH, GH LB - TF

17 |JY. Yu, WH. Lee, M.Y. Lee [33] 2019 |RH, GH |GP LB - TF

18 |J.P. Choi et al. [6] 2014 |RH, GH ET OF AR, SP, PL, IC
19 | CJ. Brennan [34] 2012 |SK oS DW FM, SP, PL, DG
20 [JH. Lim, J.J. Jung, J.Y. Lee [10] 2008 | AC RD CR TF, PL, AR, FM

Modeling: RH: Rhino, GH: Grasshopper, RV: Revit, AC: AutoCAD, SK: SketchUp, MK: Mock-Up

Optimization: GP: Galapagos

Simulation: LB: Ladybug, HB: Honeybee CS: ClimateStudio, DV: Diva, OS: OpenStudio, RD: Radiance2.0 ET: Ecotect, PV: PV Panel

Space Program: RF: Research Facilities, CR: Classroom, RD: Residence, OF: Office

Variables: AR: Angle of Rotation, FA: Folded Angle of Panel SP: Spacing, PL: Projection Length, IC: Inclination, TF: Type of Facade Design, FM:
Finishing Material, DG: Distance from Glazing, ST: Solar Term, OH: Overhang, OR: Opening Ratio, WH: Window Height

2 gl 0]

oo Al 24 9l gl of o] &
2L AMEL Qa2 AR,

E3E AElelA EEE faiel ofFel
Folding, 18] 11 Perforated Panel] sjel-& wj7f
mHES Haele] 848 AME
A,

St
=

L IL LI

ES 2, ]
al

Twisting, Rotating,
ELES
glow], AP BE| 27,
54 Aot 2L A4S AAstel A Bl nUS

% 9l Aok,

¢

ral

w
N
N
oj;._I‘
>
Mo
v}
2

o

o
A
2,
o)
HE
rigt
ol
rlo
o
i,
=2
B=)
)
p3
re
o
1)
o,
o
fu

U
Sy

=

R
o
-
o,
1)

=
s

Mo

)

g o

=
Ay
o

2

)
=2
)
oflt
£
|E

Jm
ol

=

Jaﬁ—lx
=
&

1

j
o m
9,

of
&
o

ko U

L

oy
)
o X
ol
ol
rr
i)
ol
fo
o ofE o
T

ot
sl
filo

(

i
> oL

[
kot

X,
LAY

Yy

=}

—
=

11k
R
oM,
i)
o
e o
Ly
ol
N Tle
o o
Jo
Ry
=
el
2
Ry
> 2

o,

op L & o A
o I ox
o

I
puny
=
)

o=

N
Fd
b

o

1o
—U

&

11]{ed

i

N

fu
>
=2
o, X

= 9l A= A=
xR 7]‘%4 = 283t
ot 04:1L7} ofofZ| AL gl of o]l AFg-EE A&

F& Ladybug, EnergyPlus, Diva(ClimateStudio) -] 31
A A B o] 155t YA B4 g4 nd
AlEE ol tid#1 ] 715 ol E A4 d e 4

1

S
a7 J\ﬂ,

rlol

2
=
f
.

)

Ly

=S
L

(©2024. Korea Institute of Ecological Architecture and Environment all rights reserved.

AR Gzt 716 TE Aol Hsstet A 33
B, 359 27], ARe] ohgAsh AP vl o
Al S 7IA L 949 BUE, 2 FHBY 2L £A9 ¢
P, £3, APPA Y A 0|0 E 95} 3H 9 B, 5
o A B4R el TPsiek Tale 4 Aol
Hg8 ABol TN DB §=, THWS SPUS
2 7oz Bl 480 N Aol 0] B A7 E A2
A= &AM 15 Lhebd Hlolet.

o+t
z g

21

o, o

l, Zlo

gl

4, ME3|0]d

4.1. ClimateStudio

AU 9 EE Frkek] QIR 71 ohekskar
WA S QIS A rte} AFolsit, i Aol A= AR BElo ﬂa]r“]
34 BAS gl Aaiet 4> Q== Rhino 2] ohatH|E
3+ 2219191 Grasshopper2} Rhino} Grasshopper-J
Z2 191 e 2 2H55t= ClimateStudio S &8
7534‘% EET 4 =S ololth

Hl
=

Wt 7\ A

gl

71

é Grasshopperﬂ ~F—11
Qi

37 9 o) A5 2

gl

i
Hl
=~

65



ZY AIBOIM 2M2 BBF 2|DWY TRHMEO| TS CIRQI 2H3} TRHA

— — =20

= o

A AT Eo]2 &= Ladybug®t Honeybee, ClimateStudio 5-©] S)
t}. 1% ClimateStudiot= SolemmaAto| Al Diva®] ©]o]A] A&}
Do AEdold zzgsior A A4 BRA oA &
&, A9, JFE2F Y 45, E T F A A4 2AS
9

olt}, k3L LEEDS} BREEAMI} 22 387 QISA LS 7]F0]
AA Aoz Y E|o] Algoldo] e T 7|& 55 R E
Aaglsto] Al g Hrh= £40] gith

ClimateStudioE T-&517] 918l -4 s A=2] 9141, & 219 7]
tlolE & A sflof gt T3t AE 849 A8 AE A E 11F
A& A8 4 QLS glo]o] 9] o] Elofqlefok ah, 9 F A
o] E0]. 2= ol et EeiITgt A7, v wof Ho] Hf5HA =
el tigt d7go] 712 A-&= ofoF it ©]F ClimateStudiool| A
Po| 7Pt AlE o] Mol Site Analysis, Daylight Availability,
Annual Glare, Thermal Analysis 5¢] Jt}. 2 A= AYxE
77} S A7) 98 Daylight Availability(F3 7184 B7hHE AL
|5k}t Alg ol Axto] gt e JIFSA L H7t 2d=e
LEED v4.10= A ol &dl €& 4 I 2Y=s
LEED 7} 7159 Credit, sDA(Spatial Daylight Autonomy),
ASE(Annual Sunlight Exposure), avg lux(Mean Illuminance),
Blinds Open 5°] 9AtH[35].

fr ofl & o

>

]

M

1) sDA (Spatial Daylight Autonomy)

sDAE AlEeo] Aol -85 viet 2] F, AzF opA7Hel @
BAIFE 2% 641742 9] 24 2 & 7]%-E Fol7ke v o] WA H|
£ UeRATH37). LEEDOA = H4 2k 7|Z 2 2 300 luxE A
Al Qlet sDA ALt A% 714 glol8 o] 43 742 3 24
of tiet Azt 715 715k AlEde] S 7|t oe R jitt Fig. 2.+
ClimateStudio® &3l 54 ¥ sDAgES] A|Z+s} oju|z|o]t,

2) ASE (Annual Sunlight Exposure)

ASEx= 9% B oz H o AR 25E 2kgto] 7]+
2] o] 3 o] T 5t Hiet o] WA H]&-2 oJw| gttt LEEDo A= 2|4
1,000lux®] =7} A7F 24 250417t o4 =& 5= vie W29
H &2 7128 AASEAL et sDAC A= Abdro] st d e
ok 2|47t 2 &5 AASEAL Yo, Bt & et 2= #3919
o2 Ago] ERGE AT 4 qlok TR, =R AARFA
o2& skl Ql7]ol AUl B ol | 2] §517} o] 7]
2ol AlojE H a7t k. LEED v4.19] 7} 7] A& sDA%
71Eo® 47t 482 fat ofy g}, ASE Hl&o] 10%E 2o}
Btolle A5 E S 4 Yle vAle] A EH =R o F =
gFelstal )it Fig. 3.2 ClimateStudioE &3l S ¥ ASE H|0]
©] Rhino QIE|H|o]20f| A AJZ}ake ofm|z]oftt,

=

L ook e o & orlo

3) LEED v4.1 Daylight Credit

LEED 9] Daylight f2oflA 273 A= A5 242
ZRIE Folt}, ZRIE= o Algd|o] el 288 He
o] dF A4 DA 7IHte & HrhEw, ZF F7} 7]+

sk
Zrol| Al
Table

ol Hz

rlo

66 KIEAE Journal, Vol. 24, No. 5, Oct. 2024

Fig. 2. Visualization of sDA results

Fig. 3. Visualization of ASE results

Table 5. Points for spatial daylight autonomy, LEED

LEED v4.0 LEED v4.1
sDA > 40% - 1 Points
sDA > 55% 2 Points 2 Points
sDA > 75% 3 Points 3 Points

Fig. 4. Visualization of avg lux results

Fig. 5. Visualization of blinds open results
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Table 6. Layers and materials

Layer Name Rvis Tvis
Floor Terazzo Tile 82.4% 0.0%
g Wall White Painted Walls 83.99% | 0.0%
(]
.g,' Ceiling Acoustic Ceiling Tiles 87.9% 0.0%
Door Door 7.87% 0.0%
- Wall Red Brick 13.79% 0.0%
=3
(]
g' Shafie Curved Exterior Louvers 54.1% 0.0%
. Device
< Frame Light Grey Window Frame 71.85% 0.0%
E_ Clear - Clear
g Glass - 77.4%
Glass(5.8)-Air(127)-Glass(5.8)

Table 7. Summary of EPW data

Climate Zone

Koeppen Climate Zone3): Continental, Dry Winter, Hot Summer (Dwa)

ASHRAE climate zone?): Mixed (4)

Average annual temperature: | 11°C

Annual total solar radiation: | 1,816 kWh/m?

Heating Design Conditions

Coldest month: January

Coldest week: 12/22 - 12/28

Typical winter week: 1/13 - 1/19

Annual HDD for 18°C is: |2,783

Design temperature 0.04%: |-10°C

Cooling Design Conditions

Hottest month: July
Hottest week: 8 3-89
Typical summer week: 8/17 - 8/23

Annual CDD for 10°C is: 2,151

Design temperature 99.6%: |31.7°C

—

\ A Jd 1
1 |

i |

il Testbed }

{ A Type_B |

3 June 25th }

N 1500 |

Fig. 6. Sky dome of EPW data and testbed Type B

67



FE A= od M 288Gt 2

o
ne

T2 EO| MALS C|R}Ol 2{H3} TRAA

Aol glosl, Aagel Folst SAHHA oF T62mm I o]
Tol2 AAs9ct Eot Z =74 g AR g 4.8 7175t Al
A 8 EQ] 7474 A o] 7Hssttt. LEED 9 Daylight Credite] 7
9 A1A 9] 21E0] 25 ES W] Wolo} ek 7]Zo] Lo, o]
2 AlagoldoAE I Hd A7l 609.6mme] HAS 7|Eo =
Ar-g-skaiTt.

2) EPW (EnergyPlus Weather Format)
ClimateStudio©] Al AW & 27 AlZgo] Aol AHE- 7] % g o]
B o] A7 o] " g3}t ClimateStudio®] A& EnergyPlus®] 715 ¢
o]&] o+ el EPW (EnergyPlus Weather Format)-& $123}o] A&
StaL lom, Testbed7h A% SHHE A S] 715 AZ Hlo]
Elel KOR_HN_Cheonan.471450_TMYx.2004-2018< -85}
k. ol dlolefofl tigt Al -8 Table 7.2 229, Fig. 6.
Grasshopperll Al ClimateStudioE &3l sl 2|2} 2] 7]% glo]g
£ 4-85}31E& m Rhino 3}l A1 22k Sky Dome®] @ H|<F 6
259 15A] B e 9120l gt ofm|z] o],

3) Shading Device Modeling

Aol ol ARE AFFFA O] 32 ARElel A AHEE FE
of Zo] A FHYP Y} i dP o= Wiro] AEoton, o= AlE
glold A3 v E 9fsf A2 o2 sttt FH P O] 75 H
WEAZ 9IRE 712 e = T o) ol whe A At BRe o
2 UeeloH, o] & thA] 31 Z e of wheba] 0°9F Hko] 27 ofl Al
AEL] oy 2] Abggel 2Aake gel 31°8 o] 285kl
AP H Fe 2= 217 Rotate?} TwistF 22 A 2Fo1% o™, o]
R A 2t 0~31°E 755U FEE AI2E 9L
o} ARgE —Ertﬂ% Zi0] 320mm, F7 20mm= 4§k O H, FH]

o] = 7He] THA-L AZF g 3t BF ol A= 400mmE 48511
t}. Rotate2} "l"\i\/lstoﬁ‘oﬂ/ﬂb 31° 342 A4t T x—zHHA
NFEL H|S:S 60%HE FAT 4= V=S 200mm THHOZ 4
Sto] 285kl

d g9 734 Hsl= 59 &40 wet Foldg ¥} Origamig o=
T2t on, Origami®-> THA] BR5-0] of o] whel F7skgirt.
Foldg9] 7|2 ZEL Table 2.9] Luanda Multisports Pavilion
(2013), Origami®@ 2] 2t Table 3.9] Hospital de Navarra
Biomedical Research Center(2011) A& €] @& 513t} Fold
o 7|2 1jd BE2 £ 4209] sjdo] HE #olof w2 o=
AA= o] 9loH, Grasshopper®] Curve Z2utdof wta} 0°~37°2]
971 F°ll Fold® FHlE 714 2L 3ot Origamig 9] 7|2 &2
W 350mm, %°] 1,500mme] 42t si'd 4707} x-y BHA} 45,
90°, 45" Zt 2 {5 o]o]F o H, x—y PG 7|0 =2 WAL P
7K. 372 B ¥ Y BFl2 Origami® e o] FaF2
Hl WSt z}; x-z Pl 7 FFH ehg-2 frAlshH B2 o
S 5712 AAekdth B2 3t S5 710 & SRl 7
22 442 Zolx]e 9 o
12mm, 7H 22 852 4mm 9] 252 710

¥z 32 e EA7A Y A-l= Louver Typed 7%

ku
)
)
_O'L
TR
q
N

68 KIEAE Journal, Vol. 24, No. 5, Oct. 2024

3%, & ol & o EAFA7IA 9] A7t ImE FA5HE
& o]Zsto] H|5t% AL, Panel Bt 9] B¢ fE|¢t 71 717k A
A A7t ImE FA S A-8519) 21, Testbed Type B 7
¢ Al ZoJHFEE 2] ImE o] Asto Aot Al o2 A-851%

o}, Table 8.2 %2 9] | Ro]A] ufek xpopA| o] o]u] Ao,

4.3. AlEFold 2 vuEH

AAet Z AL Hgro 2 /\]%aﬂo]x 2 Aot Avl= Table 9.9}
va. 194 A A sk=
Credit 3p01nt-4 sDA 7 d e—‘?— FRollA+= 10%
ool ASEZte] & E Q7o Fglo] sE2 f1Rt tAtel 849
HEZF QR AL o & e 2 AlEeold o] Aol digh Al
AQ1 Bl i vt 2ol A5t

r
#mﬁ

r)~

1) FHY 2L ol A 2] vl

FHEY 2P F 4% 4 Hgto] gl 712 FHloll A= ASERL
o] AMZ+E 15.48%, EF9 T 17.86% = 10%7} Z21}6}= gho] E&5
it 3179 & 1A jE—HH 9 4.76%, 5.95%F LEED v4.19]
Al @+5h= Credit 3Pointso] A3t A3l7F Ugrom, Rotate,
Twist@ oA = FLoHA 1.19%= 7]+ FH e Eot B -2 gto]

I oﬂHE Zdkz o 72 100%01] 7V7hg sDAZEO] &
Z 5| 3Ath. ASE4EO] ¢ Foldgoll Al 16.67%= 71 &0l 54 =
on o] F-AFeR FEfle NYEC] T2 A5+ 2
W7} opd Azt ofl whE AR B wols ¢ thE At kE
Q /\ 010 7—]0]1;]. Il:o]- ;gn (}
oA Bt fEgt AtE 95
7R 2 11.90%2] ASEZEe] S =L, ehgo] -85 tAkel
ol ulaf Solideh 7HA| 2 o] Fof 5 7ol Alofet T A = B gt
215 7 Ao 2 fH

Etzo] H8H AFFA & x—2H U FY5t9S of 5L e
TEZ 7HA D gloH, o]& HHY(Fla) T YA F (Origami) 0.2

2 o] Ao mE Ay Xk 2fo]E |t o] F
tjzpele] 79 1 2ol 7} tha FA o)A ghofot, A-Typed 71&
o= Aol YUY H|F sDAFE 97.62%= 2.38% 211,
ASERL2 2.38%2 1.19% =4 SAH=oH, A8+ 29 32
1,1151x2 o] 1,130Ix et BA SA I ol2|3t @A
o] o] Hol A o] dF R gtol thet WAyt WU o H] 3] A
A vrebetE Aol sfAd 4= gt

3) A—Typci'—]- B—TypeQ] H] o

8 Az selgc A9 aé—gq a5 A3 o7 etk
O

22 8 she ko] Yrke 5] U9, o8 FRsto 7]E
A-Typeo] kg B-TypeO & #-85to] A Befo|d& 2-85tgic.
71 A7} B-Typeol A sDAZES 100%2, ASEZHS 0% RE §30f



oy
ox

oy
Ofol

=)

Table 8. Images of test model

Louver Type Panel Type
Type Section Exterior View Type Exterior View
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Table 9. ClimateStudio daylight availability simulation

result by louver types

Typ No Shading Device Rectangle - Normal Ellipse - Normal
e
A ‘ A ‘ B A B
Exterior &
View
Open Ratio 100% 95.18% 95.18%
" I
100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
- I
27.38% 0.00% 15.48% 0.00% 17.86% 0.00%
Credit 3% 3% 3 3% 3
avg lux 4,086 1,292 2,444 1,229 2,601 1,235
Rectangle - Angled
Type
A ‘ B
1
Exterior | AL 10 0T
View
Open Ratio 65.49% 69.93% 60.84% 61.64%
sDA J
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
[ N [ N
ASE J
4.76% 0.00% 5.95% 0.00% 1.19% 0.00% 1.19% 0.00%
Credit 3 3 3 3 3 3 3 3
avg lux 1,769 1,000 1,834 1,026 1,695 1,295 1,695 1,264

*ASE>10%, The case needs to be analyzed to determine how the space is designed to address glare issues.
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Table 10. ClimateStudio daylight availability simulation result by panel

bpes

Fold Origami

Flat - Perforated Origami - Perforated

Type ‘

Shading
Device
Image

0 PP BN e v e et IR

A | B A \ B

sDA |

L2 54.15% 45.25% 32.09% 32.09%
Ratio
— o0
100.00% 100.00% 100.00% 100.00% 97.62% 100% 100% 100%
[ [ [
ASE
Helels : DB ¢ D &
e, L DS € L DB E
16.67% 0.00% 11.90% 0.00% 2.38% 0.00% 1.19% 0.00%
Credit 3 3 3% 3 3 3 3
avg lux 2910 1050 2051 810 115 708 1130 711

*ASE>10%, The case needs to be analyzed to determine how the space is designed to address glare issues.
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