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ABSTRACT KEYWORD
. - . Lo . I a1
Purpose: The occupant is able to gain visual, emotional, and physiological advantages in a place that daylighting is ol 51
provided sufficiently. The purpose of this study is to examine the health aspects of the light environment on the human 97t U2 ==
body and implement a light environment model of a residential building that can improve the immunity of residents. ;g_l;g ?_IE{ if %%E-HEI
/T8 =%

Immune building is the place immunized to prevent the penetration of viruses and improve the physical and mental
health of residents by managing not only the architectural environment of thermal, air, sound, light but human subjective

Immune Building

elements through technical and institutional approaches. Method: For the implementation of immune buildings, a  Light Environment
standard model of apartment housing was selected and a number of light environment simulations were performed. The =~ Annual Sunlight Exposure

daylighting performance of the residential model was analyzed based on the static and dynamic daylight credits
presented abroad. Result: As a results, the daylighting performance such as daylighting factor, uniformity ratio, spatial

Spatial Daylight Autonomy
Climate-Based Daylight Modeling

daylight autonomy and useful daylight autonomy in bed room 2 and 3 meets the criteria of international green building ACCEPTANCE INFO

rating system.
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(Daylighting Factor), ¥A = (Uniformity Ratio), 57t 54 244
(Spatial Daylight Autonomy), 17t 93 =& (Annual Sunlight
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Table 1. Daylight Performance Indicators

Index Concept
Daylight Factor Ratio of the light level inside a structure to
(DF) the light level outside the structure.
Daylight availability that corresponds to
Daylight percentage of occupied time when the target

Autonomy (DA) | illuminance at a point in space is met by
daylight.

Measure of how often a minimum work plane
illuminance threshold can be maintained by

daylight alone.

Spatial Daylight
Autonomy (sDA)

Number of hours per year point on the
working plane receives direct sunlight greater
than a threshold value.

Annual Sunlight
Exposure (ASE)

Daylight availability metric that corresponds to
the percentage of the occupied time when
target range of illuminance at a point in a
space is met by daylight.

Useful Daylight
Illuminance (UDI)

Ratio of minimum lighting level to average
lighting(or Maximum Lighting) level in a
specified area.

Uniformity Ratio
(UR)

Glare index developed by Wienold and
Christoffersen for the evaluation of glare
caused by daylight.

Daylight Glare
Probability (DGP)

(©2022. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Table 2. Detailed Credits of Daylight Performance Indicators for
Residential buildings (Dwelling Units) according to the Different
Kinds of Green Building Rating Systems

Rating Daylight Performance Standards
Systems | Credit Detailed Standards
ASE ASE1000,250 no more than 10% of the
WELL ASE area can receive more than 1,000 lux for 250
v2 hours each year.
(IWBI) DA Average sDA 200,40% is achieved for >
30% of regularly occupied floor area.
Annual sunlight exposure1000,250
ASE | (ASE1000,250) of no more than 10% is
achieved.
LEED Spatial daylight autonomy300/50%
v4 sDA (sDA300/50%) of at least 55%, 75%, or 90%
(USGBC) is achieved.
Demonstrate illuminance levels are between
UDI 300 lux and 3,000 lux at both 9 a.m. and
3 pm.
DF Average Daylight Factor (DF) required by
latitude.
BREEAM Upiformjty r'fltio of f:lt least 0.3 or a
2016 UR rplmmum point daylight factor of at least 0.3
(BRE) times the relevant average
Modified Daylight Autonomy — entire space
DA with at least average daylight illuminance
100 lux for 3450 hours per year or more
Annual sunlight exposure 1000,250
. ASE | (ASE1000,250) of no more than 10% is
Fitwel .
21 achieved.
(Cvf AD) Spatial daylight autonomy300/50%
sDA (sDA300/50%) of at least 55%, 75%, or 90%
is achieved

Table 3. Detailed Credits of Daylight Performance Indicators

Daylight Performance Standards
Credit
Detailed Standard State |Sky Model| Source
DF average DF 2% Static CIE BREEAM
Overcast
UR* above 0.3 Static CIE BREEAM
Overcast
CIE Lee
EFS ;
Ur above 0.1 Static Overcast | (2005)
sDA-1 |sDA300,50% for 30% ROS***|Dynamic| CBDM LEED
sDA-2 | sDA200,40% for 30% ROS |Dynamic| CBDM WELL
ASE | ASE1000,250 for 10% ROS |Dynamic| CBDM WELL
UDI-1 | 300~3000 lux for 80% ROS |Dynamic| CBDM LEED
UDI-2 | 100~2000 lux for 80% ROS |Dynamic| CBDM (213(1)0)

*Ratio of minimum lighting level to average lighting **Ratio of minimum
lighting level to maximum lighting ***Regularly Occupied Space
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3. HAAHE PSS Qs W 314 Mds &M Table 4. Information of Simulation Modeling
Item Contents
Program DesignBuilder 3.4
31 &% E—}]Q’] 2 XHJ@} ]—321] o]ﬁ s Algorithm Radiance ray-tracing simulation
= Calculation . Climate-Based Daylight
AT 7Vl H oA Algohs Bl B, ezt B AAL Method and | PYPamic Modelling (CBDM)
+F Y HolE & 7|5t g FAAES] AAAF FsS Bt it Sky Model Static CIE overcast day
7] $1sto] AatH Algdlold 22171 Design Builder vo2 At Calculation | ZCnith Hluminance 10000 ux
= o o] ] Modelin Modeling Grid Size 300mm*300mm
8ot diPA o2 DesignBuildero] 25k Al&eo]d2 el 9 Informatign Working Plane Height 0.75 m
AT AZA B E vlEro 2 thE o d B 7)bk 21 AALS Occupied Hours 08:00 ~ 18:00
- Location Seoul/Incheon
SOl AW AHE 2= pES AR ol S SldA =AM 0.2 7 Weather Data IWEC Incheon
7 Aelotal FHQISH ASH 2 AlEH o] T2 Lawrence Latitude 37.57
Berkeley National Laboratory 7H¥¥® Radiance Engines < ];tongliu‘;i F112t6i“97
) ) B partment Shape at-Type
DesignBuilderti ol A Al5-5F1 91Tt DesignBuilder W €] Radience O Southe East
L 294 349 331 7|6tetd ndgs 5 s thAS 13 Nur;llber r;)f Unit I]::IousiggﬂUnit 11ea
_ _ _ t
Sk Ea Ro] Zduol A B o r warie oy O T Tt
FA 2 (Backward Ray—Tracing) WS 2-8-5to] 2FHAA Apartment Floor Height 2.92m
o] 2% o] et o]m| 2] B E A4S 4= It DesignBuilder Modeling i As]?)?;t Rt Zlb;‘;s
. ()
o] 2 3% AlAH(lluminance Daylighting Calculation) B2 ] Section Aspect Ratio 3.4%
2o y2 grs 24 do] Ady w4y} B2bn zjoF Az ot Window-Wall Ratio 18.96 %
- . Window Opening Area 29.02 m'
T B9 29 E59 Lo A4 9 v BE AL 4 gloh Gross Wall Area 153.04 m’
FJrﬂ 1A A2 AFAE (Sky Distribution)ol| A Hloju} 7t 7] Main Room 1.8m*2.2m 4.6817
== 1.3m*0. 1.17m
5 7 23 mdee 298 4 9tk CBDM(Climate-Based (Bed RoomL) e e
Daylight Modeling) 712 53 23t 715 dlolg& 7|yte g Sive of Bed Room 2 1.8m*2.2m 3,967
FAAA QN HoF 2 AT A 2AE AFRSte] 2 ol XL E 4 Window Bed Room 3 1.8m*2.2m 3.96m’
_ _ o Kitchen 1.2m*0.6m 0.72m’
£ 4 Itk CBDM B7h= 230 4, AEE 71 9gts = 3.6m*2.2m 7900
Livine R . . 920t
257 918 1392 1417 @91 9] Bt A8 (Time—Step) 2.2 £ Vg Soom 1.2m*0.6m 0.72m’
_ = = Multi-purpose room 2.1m*1.28m 2.69m’
Sto] R E k. AlEdold oM 24, e RlE E 5 FA4 P S GN + 12 At 6CL
2o 9 87 Agdolde g5 Bad 99 o] g gus Glazing Layers (48mm) | ¢ op 4 15 AR + 6LE
Table 4. YJeERAQITH Double U-value 1.0 W/m"K
Frame . SHGC . 0.289
X Direct Solar Transmittance 0.143
Window — :
Visible Light
. 0.341
o Transmittance
= U-value of PVC Frame 3.476
Aol A] S} Available Main Room 5.1m (h:2.55m/Depth:8.85m)
= BedRoom 1 S5.1m (h:2.55m/Depth:3.6m)
7Nt/ AR Depth of
Davlichti BedRoom 2 5.1m (h:2.55m/Depth:3.6m)
i Living Room 5.1m (h:2.55m/Depth:10.27m)
Regularly Occupied Space Area 84.926m’°

1h
(h: From bottom to top of window

2h

A

(Available Depth of Daylighting)

Fig. 1. Floor Plan of Simulation Reference Model Fig. 2. Available Depth of Daylighting
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A& 710 & AlEeoldS astklth Algeold 42 27 A 4TS Ueligleh 54 A4 A3 A58 5 33 78 A4
7§24 B 7H(Static Assessment) 9} 52 B7HDynamic Assessment) 2 (DA) 23S A3 23S Ao d, ed A2 Y37t
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o}, FAF Aol A 1o M2 2% (Luminance) 2] Ho]EE Fig. 9] sDAsp,50 71555 S50t A2 & YEETh W AIZE et o
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Table 5. Simulation Results of Static Daylighting Performance

Room Regularly Occupied Space
Main Room Bedroom 2 Bedroom 3 Living Space

Credit (26.711) (8.7m) (8.4m) (47.911)
Minimum DF (%) 0.035 0.763 0.645 0.009

Maximum DF (%) 1.788 7.78 7.399 8.608

Average DF (%) 0.497 2273 2344 1213

North Uniformity Ratio 1(Min/Avg) 0.071 0.336 0.275 0.007
® Uniformity Ratio 2(Min/Max) 0.02 0.098 0.087 0.001
Min Iluminance (lux) 3.52 76.34 64.6 0.88

Max Illuminance (lux) 178.96 778.72 740.58 861.68

Minimum DF (%) 0.032 0.78 0.616 0.008

Maximum DF (%) 1.797 7.578 7424 8.591

North Average DF (%) 0.496 2316 2.353 1.197
East Uniformity Ratio 1(Min/Avg) 0.066 0.337 0.262 0.007
(NE) Uniformity Ratio 2(Min/Max) 0.018 0.103 0.083 0.001
Min Iluminance (lux) 3.25 78.08 61.68 0.83

Max Illuminance (lux) 179.88 758.51 743 859.75

Minimum DF (%) 0.055 0.903 0.922 0.088
Maximum DF (%) 1.875 422 4112 571

Average DF (%) 0.541 2246 2314 1.226

];:gt Uniformity Ratio 1(Min/Avg) 0.101 0.402 0.398 0.072
Uniformity Ratio 2(Min/Max) 0.029 0.214 0.224 0.015
Min Iluminance (lux) 5.49 90.4 92.25 8.82

Max Illuminance (lux) 187.64 42241 41148 571.44

Minimum DF (%) 0.065 0.901 0.957 0.081

Maximum DF (%) 1.681 4.136 4225 5.584

South Average DF (%) 0.495 224 2.369 1.186
East Uniformity Ratio 1(Min/Avg) 0.131 0.402 0.404 0.069
(SE) Uniformity Ratio 2(Min/Max) 0.039 0218 0.226 0.015
Min Iluminance (lux) 6.5 90.15 95.74 8.16

Max Illuminance (lux) 168.31 413.96 422,84 558.86

Minimum DF (%) 0.048 0.897 0.931 0.086
Maximum DF (%) 1.736 4.088 4211 5.66

Average DF (%) 0.501 2233 2.349 1.210

Sz’;)th Uniformity Ratio 1(Min/Avg) 0.095 0.402 0.396 0.071
Uniformity Ratio 2(Min/Max) 0.028 0.219 0.211 0.015
Min Iluminance (lux) 4.78 89.77 932 8.65

Max Illuminance (lux) 173.73 409.17 214 566.5

Minimum DF (%) 0.052 0.901 0.876 0.085

Maximum DF (%) 1.764 4153 4.139 5.579

South Average DF (%) 0.488 2254 2319 1217
West Uniformity Ratio 1(Min/Avg) 0.107 0.4 0.378 0.07
(SW) Uniformity Ratio 2(Min/Max) 0.030 0.217 0.212 0.015
Min Iluminance (lux) 521 90.18 87.71 8.48

Max Illuminance (lux) 176.53 415.66 41424 558.29

Minimum DF (%) 0.031 0.763 0.679 0.008

Maximum DF (%) 1.824 7.537 7.628 8.552

Average DF (%) 0.516 2287 2352 1.184

West Uniformity Ratio 1(Min/Avg) 0.060 0.334 0.289 0.007
W) Uniformity Ratio 2(Min/Max) 0.017 0.101 0.089 0.001
Min Iluminance (lux) 3.09 76.37 67.98 0.83

Max Illuminance (lux) 182.53 754.52 763.36 855.91

Minimum DF (%) 0.035 0.767 0.692 0.009
Maximum DF (%) 1.831 7.831 7.453 8.55

North Average DF (%) 0.506 2.266 2375 1.232
West Uniformity Ratio 1(Min/Avg) 0.07 0.338 0.291 0.008
NW) Uniformity Ratio 2(Min/Max) 0.019 0.098 0.093 0.001
Min Iluminance (lux) 3.54 76.71 69.27 0.92

Max Illuminance (lux) 183.21 783.72 746.05 855.72

(©2022. Korea Institute of Ecological Architecture and Environment all rights reserved.
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Table 6. Simulation Results of Dynamic Daylighting Performance

Regularly Occupied Space
Room Main Room Bedroom 2 Bedroom 3 Living Space
— : (26.7m) : (8.7m') : (8.4m’) : 47.9m)

m % m % m % m %
sDAs00,40 9.88 37 8.7 100 8.4 100 15.85 33.13
sDA300,50 7.57 28.35 4.79 54.76 4.81 57.14 9.72 20.31

North ASE 000250 25.86 96.85 8.7 100 8.4 100 47.9 100
™ UDI300-3000 6.01 22.84 4.99 57.14 4.81 57.14 10.02 20.94
UDIL00-2000 11.77 44.09 8.7 100 8.4 100 28.27 59.1
sDA0.40 9.88 37 8.7 100 84 100 15.85 33.13
North sDA300.50 442 16.54 5.62 64.29 4.81 57.14 10.02 20.94
East ASE 000250 26.7 100 8.7 100 84 100 47.9 100
(NE) UDI300-3000 2.52 9.45 5.62 64.29 5.05 60 10.02 20.94
UDIL00-2000 11.77 44.09 8.7 100 84 100 27.37 57.19
sDA0.40 9.46 35.43 8.7 100 8.4 100 16.15 33.75
sDA300,50 1.05 3.94 6.45 73.8 6.73 80 11.52 24.06
East ASE 000,250 26.7 100 8.11 82.86 7.45 88.57 45.02 94.06
® UDI300-3000 0.42 1.58 6.04 69.05 6.25 74.29 11.37 23.75
UDI00-2000 11.98 44.88 8.7 100 8.4 100 30.81 64.38
sDA0.40 8.62 32.28 8.7 100 8.4 100 20.34 425
South sDA300,50 0 0 7.70 88.10 7.21 85.71 13.76 28.75
East ASE 000,250 26.70 100 5.83 66.67 5.53 65.71 41.88 87.50
(SE) UDI300-3000 0 0 7.49 85.71 7.21 85.71 13 27.19
UDI00-2000 124 46.46 8.7 100 8.4 100 33.5 70
sDA20.40 8.83 33.07 8.7 100 8.4 100 19.74 41.25
sDA300,50 0 0 7.91 90.48 7.94 94.3 13.31 27.8
S(();;h ASE 000250 26.7 100 6.45 73.81 6.01 71.43 41.88 87.5
UDI300-3000 12.19 45.67 8.7 100 8.42 100 32.16 67.2
UDI,00-2000 12.19 45.67 8.7 100 8.42 100 32.16 67.2
sDAs00.40 8.86 32.28 8.7 100 8.4 100 20.34 42.5
South sDA300,50 0 0 7.70 88.10 7.21 85.71 13.76 28.75
West ASE 000250 26.7 100 5.83 66.67 5.53 65.71 41.88 87.5
W UDI300-3000 0 0 7.49 85.7 7.21 85.71 13.01 27.19
UDIL00-2000 124 46.46 8.7 100 84 100 33.5 70
sDA0.40 9.25 34.65 8.7 100 84 100 17.80 37.19
sDA300.50 1.261 4.724 6.24 71.43 6.01 71.43 11.37 23.75
West ASE 000250 26.7 100 8.32 95.24 8.18 97.14 46.07 96.25
W UDI300-3000 0.841 3.15 6.24 71.43 6.01 71.43 11.37 23.75
UDI00-2000 11.98 44.88 8.7 100 8.4 100 32.01 66.88
sDA0.40 9.88 37.01 8.7 100 8.4 100 15.85 33.16
North sDA300,50 4.84 18.11 4.99 57.14 5.05 60 10.02 20.94
West ASE 000,250 26.7 100 8.7 100 8.4 100 479 100
AW UDI300-3000 2.94 11.02 4.99 57.14 5.05 60 10.17 21.25
UDI00-2000 11.98 44.88 8.7 100 8.4 100 29.32 61.25

Q

[e)
o U 2wl et JRE AT B ohet =8 A(Glare), A
Azko] a7} Ul 917 ok Bl 4917 Bl e B g QA

(Level of daylighting) ] 3] et +-2& AZAtt. & AFIA
LAY §§ 228 IR TRt BAskgt 23 AzE
1912 100~200lux 8 912} 300~3000lux W92 FHsko] A% <
T A F WA T A7 B0 BAS 11 E AT
A} 2 LEED] 712014 Dt A7 St 24 A 22 9918 o
31 A7) ¥]0] 80% o4& AASHL GIk. BA AutE A
B, g AT, ] A020 HU39 A §§ ZE 7]
£ UDI300~3000, UDI100~20008 25 W&ok A 02 Leryt
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2.31%, 71412 2.26%, 7141 1.18%, $1¥ 0.51%= Wrebdt. 24 33
E2 0.483%= FARF BTl A et o™ 2t 3382 2.375%=
EAE A3 etk AAR0F 7HZ ol SEe A3 &
Aol B2 QR AT tH] & YR X & QI3 Ao = BT
2) ZH A FA = EAANE AT EH 9 FAE B3
(Uniformity Ratio 1_Min/Avg)-2 3412 0.369, F4130.337, ¢t
% 0.088, 714 0.039 <=0 = vrebytet, A 2gH e} 1o 47
7bolb Ak FUTAE Tdhot A oA A4 ez &
A717] Sloto] AARE Hf7] 9] Aol & A& 0.3 9= Aokl
t}. 4=-9] Building Research Establishment(BRE)2] BREEAM
Z 715 % Health and Wellbeing 01 - Visual comfort®] H7}7]5
NN E FAE £25 0.302 AAISHIL 9t} o] =24 71 &

IN O 30 o

AANZ AR F T FF ALAGDA) 4 AIE
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