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Abstract Currently, 22% of the total energy consumption of buildings in Korea is used for lighting. Light-shelves have garnered
attention as a way to reduce consumption, but there are few studies on the types of curve and curvature, which limits the
improvement of light-shelf performance and its design. This study constructed a test bed of actual residential types to evaluate
the performance. Outcomes of light usage, according to variables of light-shelves, were used as indicators of performance
evaluation. The results are as follows : 1) Performance evaluation was conducted on flat-type light-shelves to verify
performance of curvature-shelves, which are movable with a width of 200 mm, and the most ideal angle and specification
per solar term are calculated. 2) The (-) shaped curvature contributed to a reduction in energy consumption and an improvement
of evenness. 3) In case of light-shelves with (-) shaped curvature, an increased angle not exceeding 80° of the arc contributed
to an improvement of light penetration. 4) Appropriate specifications of curved light-shelves include movable types with
widths of 200 mm, and angle ranges of 20°~60°. 5) Light energy consumption of a movable light-shelf with curvature and
width of 200 mm were reduced by 17% and 7.8% compared to a 0° fixed and a movable light-shelf, respectively.
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Fig. 1 Flowchart of study.
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Table 1 Performance evaluation research on shape of
reflection board used for light shelves

Title of Study years Light-shelf type
Visual Performance Evaluation Study of a
Scaled Light-Shelf Model"” 2003 flat type
Design and Performance of Horizontal
Light-Redirecting Devices in Offices” 2003 flat type
Development and Performance Evaluation
of a Sloped Lightshelf Daylighting 2004 flat type
System ’
A Design and Performance Evaluation of
Differentiated Daylight-Glazing Systems“) 2005 flat type
A Study on the Performance Evaluation
of Lightshelf Daylighting system for 2006 flat type
Educational buildingm
Daylighting Performance Evaluation of
. . 21 fl
window Integrated Light Shelf System(é) 007 at type
A Study on the Characteristics of
Daylighting Environment in Classroom of
an School Building Due to the External 2008 flat type
Shading Devices'”
Architectural Implementation for the
Daylight-Performance in the Elementary 2010 flat type

School(s)

Evaluation of Daylighting Performance
and Design of a Curved-Lightshelf by the 2011
Ray Tracing Method"”

curvature of
specific shape

329



Table 2 Recommended illuminance(KS A 3011)

Division Measurement Location Illumination Scope [Ix]
Living General Above the floor 150 - 200 - 300
room  Work 404 5(cm) 300 - 400 - 600
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Light-shelf range
width 200 mm, 400 mm, 600 mm
type External type flat, Curvature(+, -)
Angle of arc 0°, 20°, 40°, 60°, 80°, 100°
Angle -10°, 0°, 10°, 20°, 30°
height 1800 mm
reflectivity specular reflection film(reflexibility 85%)

2//\/A\\ Light-Shelf curvature = %
w : width of Light-Shelf
L= g

A : angle of arc
A r : radious of curvature

Fig. 3 Curvature calculation method per width of
light shelf and arc angle.
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Table 4 Curvature calculation per width of light
shelf and arc angle

Width Angle

Width Angle

(mm) of arc Curvature (mm) of arc Curvature
0 0 60 0.00249

20 0.00349 400 80 0.00321

40 0.00343 100 0.00384

200

60 0.00500 0 0

80 0.00647 20 0.00059

100 0.00768 40 0.00115

600

0 0 60 0.00167

400 20 0.00088 80 0.00214
40 0.00173 100 0.00255

Table 5 Setting of test-bed

Room size,
Material

4.9 m(W)x6.6 m(D), 2.5 m(Celling height)
Wall : reflexibility 46%

Window size,
Material

2.2 m(W)x1.8 m(H)
Pair glass 12 mm(3 mmx6 mmx3 mm)

Direction

Overview of
test-bed and
artificial
sunlight
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Fig. 4 Floor plan of test-bed and location of
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Fig. 5 Section view of test-bed and location of
illumination sensors.

Table 6 Experiment case

case 1 case 2 case 3 case 4
Reflector Flat Flat Curvature Curvature
type
- e based on
Activating 0° fixed -10°~30 0° fixed appropriate angle

light shelf (at every 10°)

from case 2
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Table 7 Calculation method of lighting energy consumption in performance evaluation of light shelf

Light-shelf Dimming control lighting energy consumption
Width  Angle Light Number(dimming Level) ratio of artificial lightxTime(1H)xSolar term(15days)
(Winter solstice)Light1(1) (Winter solstice)12.33x1x15 = 184.95 W
200  0° fixed (Summer solstice)Light1(8) — Light3(8) — Light2(4) (Summer solstice)129.27x1x15 = 1939.05 W 5.15;;11;Wh
(Spring and Fall solstice)Light1(8) — Light3(8) (Spring and Fall solstice)101.62x1x30 = 3048.6 W
(© SAREK 331



Table 8 Performance evaluation result of flat light-shelf

. Season
Light-shelf Winter Summer Spring and Fall
. Illumination Tllumination Illumination
Width Angle ———  Ave. UR —— Ave. UR ——— Ave. UR
min max min max min max
-10 390.0 23779.4 6316.9 0.062 100.1 1141.3 358.8 0.279 174.3 39263.1  5305.1 0.033
0 398.6 23707.7 6319.1 0.063 108.0 1194.2 373.1 0.289 1742 392019 5285.8 0.033

200 10 399.8 236979 6320.0 0.063 102.6 1221.4 371.5 0.272 173.7 391985 5293.3 0.033
20 409.0 237333 6337.8 0.065 107.0 1275.9 407.2 0.263 198.5 392055 53189 0.037

30 406.6  23772.7 6347.5 0.064 111.8 1347.6 447.6 0.250 1814  39200.7 5311.7 0.034

-10 371.5 23682.7 6259.0 0.059 100.4 1176.3 363.8 0.276 1552 392659 5275.1 0.029

0 377.0 23621.5 6277.3 0.060 104.2 1246.9 393.0 0.265 162.8 393059 5285.3 0.031

400 10 397.7 236312 6302.1 0.063 121.4 1747.7 510.9 0.238 1644  39290.1 5289.0 0.031
20 401.7  23649.6  6322.2 0.064 106.7 1699.6 504.8 0.211 194.7 392242 5340.0 0.036

30 402.2  23771.1 63452 0.063 121.2 1500.1 528.7 0.229 1749 391722  5284.7 0.033

-10 353.6 237779 6261.7 0.056 100.2 1197.9 373.5 0.268 1452 391144 5219.5 0.028

0 3474 23578.2  6256.1 0.056 106.9 1309.1 408.8 0.262 156.1  39504.8 5337.7 0.029

600 10 387.8 235889 6286.8 0.062 110.7  2006.3 569.1 0.195 172.2 394023 5310.8 0.032
20 405.2  23643.7 6314.1 0.064 116.8 1943.7 570.9 0.205 159.6  39115.7 52579 0.030

30 383.5 23773.3  6325.1 0.061 135.0 1670.1 576.6 0.234 163.9  39106.8 5258.2 0.031

Ave. : Average, UR : uniformity ratio, [__]: This indicates lower score than 400 Ix.
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Table 11 Performance evaluation results of light-shelf with applied curvature light shelf during winter and summer solstice

Solar term 4nght—5h61f Cur Arc I}lummatlon Ave. UR Cur Arc I'llummatlon Ave. UR
Width Angle min max min max

0° 398.6 23707.7  6319.1 0.063 0° 398.6 23707.7  6319.1 0.063

20° 410.1 233747 6277.0 0.065 20° 393.1 22805.6  6093.8 0.065

0° 40° 411.9 23375.8  6280.3 0.066 40° 393.1 22805.6  6093.8 0.065

60° 422.0 23397.1 6293.1 0.067 60° 390.4 227854  6085.5 0.064

80° 424.2 23399.3  6295.8 0.067 80° 387.4 22777.9  6088.6 0.064

200 100° 422.7 23401.8  6298.3 0.068 100° 382.6 22760.5  6072.3 0.063

0° 406.6 23772.7  6347.5 0.064 0° 406.6 23772.7  6347.5 0.064

20° 410.0 23719.1 6337.0 0.065 20° 413.2 237394 6338.6 0.065

300 40° 411.8 237464  6345.2 0.065 40° 410.7 23749.8  6342.7 0.065

60° 415.2 23726.5  6329.0 0.066 60° 403.1 23695.5  6322.8 0.064

80° 405.9 23699.0  6322.3 0.064 80° 400.8 23751.6  6334.7 0.063

100° 398.7 23734.7  6324.2 0.063 100° 392.0 23666.1 6306.9 0.062

0° 377.0 23621.5 62773 0.060 0° 371.0 23621.5  6277.3 0.060

20° 390.3 233424 62443 0.063 20° 360.6 22838.4  6076.2 0.059

0° 40° 392.0 23315.7  6237.1 0.063 40° 362.8 23377.6  6205.5 0.058

60° 395.0 23323.6  6242.6 0.063 60° 358.5 22769.9  6051.2 0.059

80° 395.4 23308.5  6240.7 0.063 80° 357.5 225004  5997.1 0.060

Winter 400 ) 100° 380.9 23299.1 6234.2 0.061 ) 100° 352.6 22751.8  6036.0 0.058

0° 401.7 23649.6  6322.2 0.064 0° 401.7 23649.6  6322.2 0.064

20° 408.7 23335.8  6264.2 0.065 20° 396.4 22602.3  6066.5 0.065

20° 40° 4229 23348.1 6278.7 0.067 40° 383.9 22750.9  6070.4 0.063

60° 428.9 23388.6  6296.2 0.068 60° 377.8 227484  6059.1 0.062

80° 438.0 23387.5  6300.7 0.070 80° 364.6 22727.5  6042.1 0.060

100° 431.6 23396.2  6304.0 0.068 100° 352.6 23045.8  6066.9 0.058

0° 347.4 23578.2  6256.1 0.056 0° 347.4 23578.2  6256.1 0.056

20° 348.6 232279  6170.0 0.056 20° 363.4 23423.8  6217.6 0.058

0° 40° 357.9 23261.6  6188.1 0.058 40° 357.5 23408.1 6208.6 0.058

60° 367.2 232953  6206.1 0.059 60° 354.6 23404.4  6200.8 0.057

80° 360.7 23329.0  6201.6 0.058 80° 339.6 230209  6106.5 0.056

600 100° 354.2 23362.7  6197.0 0.057 100° 3339 23183.5 61284 0.054

0° 405.2 23643.7  6314.1 0.064 0° 405.2 23643.7  6314.1 0.064

20° 404.0 24237.6  6290.9 0.064 20° 383.9 22750.9  6070.4 0.063

20° 40° 421.3 242304 6369.1 0.066 40° 396.4 22602.3  6066.5 0.065

60° 438.5 24223.1 6447.3 0.068 60° 3717.5 227484  6059.1 0.062

80° 432.0 234132 6306.8 0.068 80° 364.3 22727.5  6042.1 0.060

100° 426.9 23399.6 _ 6289.1 0.068 100° 352.6 23045.8  6066.9 0.058

0° 108.0 1194.2 373.1 0.289 0° 108.0 1194.2 373.1 0.289

20° 117.1 1700.6 513.9 0.228 20° 114.5 1085.7 367.1 0312

0° 40° 124.3 2025.1 601.3 0.207 40° 116.9 1057.2 349.5 0.334

60° 122.8 1821.7 558.8 0.211 60° 114.8 1028.8 331.5 0.346

80° 121.2 1618.2 516.3 0.192 80° 112.8 1000.4 3134 0.360

200 100° 119.6 1414.8 475.7 0.200 100° 110.8 972.0 295.3 0.278

0° 111.8 1347.6 447.6 0.250 0° 111.8 1347.6 447.6 0.250

20° 115.0 1358.8 444.1 0.259 20° 113.3 1217.7 393.7 0.288

30° 40° 117.2 1400.6 450.9 0.260 40° 107.6 1230.5 392.0 0.275

60° 115.5 1400.6 450.7 0.256 60° 107.3 1188.1 378.7 0.283

80° 114.8 1385.6 428.9 0.268 80° 104.4 1198.4 375.8 0.278

100° 113.5 1378.2 417.9 0.267 100° 104.2 1189.2 372.5 0.280

0° 104.2 1246.9 393.0 0.265 0° 104.2 1246.9 393.0 0.265

20° 121.8 1250.3 435.0 0.280 20° 108.1 1242.7 389.3 0.278

0° 40° 122.9 1268.1 441.8 0.278 40° 108.0 1254.6 397.0 0.272

60° 124.1 1264.7 446.0 0.278 60° 107.9 1237.4 388.5 0.278

80° 119.5 1257.1 426.6 0.280 80° 106.3 1220.7 386.5 0.275

Summer 400 ) 100° 121.8 1250.3 435.0 0.280 ) 100° 103.5 1177.4 370.5 0.279

0° 121.2 1500.1 528.7 0.229 0° 121.2 1500.1 528.7 0.229

20° 132.3 1599.2 538.4 0.246 20° 126.8 1794.8 630.6 0.201

30° 40° 136.3 1606.6 575.2 0.237 40° 124.9 1476.1 469.6 0.266

60° 130.2 1595.6 520.0 0.250 60° 110.2 1187.1 377.7 0.292

80° 128.2 1591.9 501.6 0.256 80° 105.6 1344.0 418.2 0.252

100° 126.2 1588.3 483.3 0.261 100° 102.4 845.9 277.6 0.369

0° 106.9 1309.1 408.8 0.262 0° 106.9 1309.1 408.8 0.262

20° 121.8 1250.3 435.0 0.280 20° 109.0 1266.1 400.9 0.272

0° 40° 122.9 1268.1 441.8 0.278 40° 91.3 1253.6 394.2 0.232

60° 124.1 1264.7 446.0 0.278 60° 90.3 1249.2 391.0 0.231

80° 120.6 1317.2 438.7 0.275 80° 89.1 1231.1 386.3 0.231

600 100° 119.5 1257.1 426.6 0.280 100° 79.7 1228.9 383.2 0.208

0° 135.0 1670.1 576.6 0.234 0° 135.0 1670.1 576.6 0.234

20° 163.4 1832.2 693.3 0.236 20° 136.8 1448.8 457.1 0.299

30° 40° 167.4 1842.4 703.0 0.238 40° 118.5 1310.3 374.4 0.317

60° 171.3 1852.6 712.6 0.240 60° 80.9 1091.5 298.5 0.271

80° 159.5 1822.0 683.7 0.233 80° 79.0 892.8 254.4 0.250

100° 155.5 1811.7 674.1 0.231 100° 78.1 796.0 225.6 0.274

Cur : Curvature type, Arc : Angle of arc, Ave. : Average, UR : uniformity ratio, [__]: This indicates lower score than 400 Ix.
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Table 12 Performance evaluation

result of light-shelf with applied curvature light shelf during spring and fall equinox

Light-shelf Illumination Illumination
Cur Arc Ave. UR Cur Arc Ave. UR
Width Angle min max min max
0° 174.2 39201.9 5285.8 0.033 0° 174.2 39201.9 5291.0 0.033
20° 212.7 37621.9 5163.2 0.041 20° 124.3 37365.9 4973.8 0.025
. 40° 214.1 37635.9 5163.0 0.041 40° 117.1 37243.8 4935.9 0.024
0 60° 207.9 37635.0 5171.2 0.040 60° 107.1 37121.7 4893.9 0.022
80° 205.7 37584.4 5151.1 0.040 80° 106.7 36999.5 4870.3 0.022
200 100° 202.6 37635.7 5163.5 0.039 100° 105.6 36877.4 4858.0 0.022
0° 198.5 39205.5 5318.9 0.037 0° 198.5 39205.5 5318.9 0.037
20° 232.1 39977.5 5794.0 0.040 20° 103.7 38250.3 5005.7 0.021
200 40° 243.9 40382.1 5906.6 0.041 40° 102.6 38115.0 4984.6 0.021
60° 224.9 39238.4 5636.2 0.040 60° 101.6 37979.7 4967.3 0.020
80° 208.3 38489.7 5381.5 0.039 80° 101.3 37844.3 4947.1 0.020
100° 200.6 37446.3 5137.5 0.039 100° 100.6 37709.0 4930.6 0.020
0° 162.8 39305.9 5285.3 0.031 0° 162.8 39305.9 5285.3 0.031
20° 232.1 39977.5 5794.0 0.040 20° 105.4 38597.9 5052.3 0.021
. 40° 243.9 40382.1 5906.6 0.041 40° 112.5 38387.7 5067.1 0.022
0 60° 2249 39238.4 5636.2 0.040 60° 104.2 38177.5 4999.2 0.021
80° 208.3 38489.7 5381.5 0.039 80° 104.0 37967.2 4971.3 0.021
400 o 100° 200.6 37446.3 5137.5 0.039 @ 100° 102.0 37757.0 4942.6 0.021
0° 194.7 39224.2 5340.0 0.036 0° 194.7 39224.2 5340.0 0.036
20° 2143 39528.0 5406.7 0.040 20° 165.2 39438.9 5164.8 0.024
200 40° 220.4 39172.8 5406.4 0.041 40° 136.4 39228.6 5123.3 0.023
60° 208.2 38817.5 5304.4 0.039 60° 125.6 39018.4 5093.2 0.023
80° 202.1 38462.2 5248.4 0.039 80° 107.6 38808.2 5055.6 0.021
100° 196.1 38107.0 5195.0 0.038 100° 105.2 38562.6 5013.0 0.020
0° 156.1 39504.8 5337.7 0.029 0° 156.1 39504.8 5337.7 0.029
20° 187.1 39958.2 5407.1 0.035 20° 107.3 38921.2 5100.5 0.021
. 40° 219.3 40479.5 5609.8 0.039 40° 101.6 38842.7 5090.6 0.020
0 60° 227.4 40565.4 5631.8 0.040 60° 90.0 38764.2 5067.6 0.018
80° 186.0 39826.4 5405.9 0.034 80° 88.8 38685.7 5052.1 0.018
100° 170.9 39786.2 5389.3 0.032 100° 79.7 38607.2 5030.2 0.016
600 0° 172.2 39402.3 5310.8 0.032 0° 172.2 39402.3 5310.8 0.032
20° 223.3 40005.8 5431.4 0.041 20° 113.6 37247.4 4912.6 0.023
10° 40° 227.2 40125.4 5484.4 0.041 40° 110.4 37188.3 4887.1 0.023
60° 231.1 40245.0 5543.4 0.042 60° 108.2 37129.1 4876.0 0.022
80° 214.1 39002.7 5277.9 0.041 80° 104.5 37070.0 4860.3 0.022
100° 213.7 37999.7 5122.2 0.042 100° 101.8 37010.9 4842.1 0.021
Cur : Curvature type, A : Angle of arc, Ave. : Average, UR : uniformity ratio, [_1: This indicates lower score than 400 Ix.
Table 13 Energy consumption of light-shelf applied with curvature
Light-shelf Energy Light-shelf Energy
Consumption Consumption
Angle Width Angle of arc (kWh) Angle Width Angle of arc (kWh)
20° 4.236 20° 4.293
40° 4.236 Active-winter solstice : 30° 40° 4.293
200 60° 4.236 Summer : solstice 30°, 200 60° 4.293
80° 4.511 Spring/autumnal equinox : 20° 80° 4.741
100° 4.511 100° 5.268
20° 4.063 20° 4.657
40° 4.248 Active-winter solstice : 20° 40° 4.657
0° fixed 400 60° 4.248 Summer : solstice 30°, 400 60° 4.657
80° 4.511 Spring/autumnal equinox : 20° 80° 4.657
100° 4.758 100° 4.903
20° 4.758 20° 5.082
40° 4.943 Active-winter solstice : 20° 40° 4.988
600 60° 4.943 Summer : solstice 20°, 600 60° 4.533
80° 4.758 Spring/autumnal equinox : 10° 80° 4.533
100° 4.758 100° 4.533
334 (© SAREK
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Fig. 6 Energy consumption of curved light-shelf.

FEAY 2 AQIS BH5Y] Aste] HIAEWES B
& A5k Agstgon, ol M A8 e
3} gk,

(1) 2 AFE FEAE PA%] Y5R7E 2G5
Aol Py Yol 45RtE APy,
A7le] e 44 4w 55 % 4L wES
Atk ¥ ATAe FuY FAW HQAe =

IH

6*)

oflt

o, ok

Ho rr o o N

o
=
o

o
=
(o3
28

(2) F7dntke] E0] oA A7t
9 FAE A FEEA dERta vk

3) ((BHY FEHE FANLY] A E 39 4=
Z 7t wmEbA] A Fad 5ol ALY 80° o]/l A
Foll= AFAd ol AstEo] FHARE AAA a1y
gof gt

4) AMdA Az SHAA ] FEAE FAvte] AA
oS- Z 200 mm, 39 Zt% 20°~60°¢] 715 A
H}o] q_

(5) % 200 mm FEAE 7teE FANE 00 1 4H 2
7Vsa @3 Fodvbel] oivste] 2Hzt 17%, 7.8%°]

2
ro
ox

Ir
o,
N
N
fr
2
i
N
2
oy
lo

[e)
A AR Frelmsht, 2
gl Qofr] wo| gz
St} ol F AT Bl
5 BT Aolet %

References

10.

11.

. Cho, Y. S., Kim, B. S., and Lee, J. S., 2003, Visual

Performance Evaluation Study of a Scaled Light-Shelf
Model, Journal of the Korea Solar Energy Society,
Vol. 23, No. 3, pp. 63-71.

. Kim, J. T., Shin, H. G., and Kim, G., 2003, Design

and Performance of Horizontal Light-Redirecting De-
vices in Offices, Proceeding of the SAREK, Vol. 19,
No. 3, pp. 177-184.

. Kim, J. T., Kim, K. C., and Kim, G., 2004, Develop-

ment and Performance Evaluation of a Sloped Light
shelf Daylighting System, Journal of the Korea Solar
Energy Society, Vol. 24, No. 2, pp. 39-50.

. Kim, G. and Kim, J. T., 2005, A Design and Perfor-

mance Evaluation of Differentiated Daylight-Glazing
Systems, Journal of the Korean Institute of Illumina-
ting and Electrical Installation Engineers, Vol. 19,
No. 2 pp. 13-22.

. Youn, J. H. et al., 2006, A Study on the Performance

Evaluation of Lightshelf Daylighting system for Edu-
cational building, Proceeding of the Aikra, Vol. 8§,
No. 1, pp. 67-74.

. Chung, Y. G., 2007, Daylighting Performance Evalu-

ation of window Integrated Light Shelf System, Jour-
nal of the KIEAE, Vol. 7, No. 5, pp. 41-46.

. Lim, J. H., Jung, J. J,, and Lee, J. Y., 2008, A Study

on the Characteristics of Daylighting Environment in
Classroom of an School Building Due to the Exter-
nal Shading Devices, Proceeding of the Korean Insti-
tute of Educational Facilities, Vol. 15, No. 2, pp. 4-15.

. Cho, Y. S, Kim, B. S., and Lee, J. S., 2003, Archi-

tectural Implementation for the Daylight-Performance
in the Elementary School, Journal of the KIEAE, Vol.
10, No. 3, pp. 43-50.

. Kim, D. S., Yoon, J. H., Shin, W. C,, and Lee, G.

H., 2003, Evaluation of Daylighting Performance and
Design of a Curved-Light shelf by the Ray Tracing
Method, Journal of the Korean Solar Energy Society,
Vol. 31, No. 4, pp. 136-141.

Back, S. K. and Le, S. H., 2008, A Study on Lighting
Design and Illumination and Luminance of in Advan-
ced type Control Room by the Standard of Ergono-
mics, Journal of the ergonomics society of Korea,
Vol. 27, No. 2, pp. 73-82.

Chung, Y. G., 2007, Daylighting Performance Evalua-
tion of window Integrated Light Shelf System, Jour-

335



13.

14.

15.

16.

336

nal of the Korean Institute of Educational Architec-
ture and Environment, Vol. 7, No. 5, pp. 41-46.

. Cho, S., 2009, The Technical Development Status of

Energy Convergence Building, Journal of the Archi-
tectural Institute of Korea Planning and Design, Vol.
55, No. 2, pp. 29-37.

Cho, Y. S., 2003, Analysis on Indoor Daylight Perfor-
mance having Light-shelf system, A Doctoral Disser-
tation, Graduate School Chungnam National University.
Choi, T. J. et al., 2001, A Study on the Prediction of
Energy Conservation in Apartment Building Utiliza-
tion by light self, Proceeding of the SAREK Summer
Annual Conferencell, pp. 971-974.

Han, S. P., 2010, A Study on Lighting Control Me-
thod for Harmonization of Daylighting and Artificial
Lighting, Journal of the Architectural Institute of Korea
Planning and Design, Vol. 26, No. 8, pp. 317-324.

Kim, D. W. and Park, C. S., 2009, Performance As-
sessment of Building EnvelopesIl : Light Shlef, Re-
troLux, Proceeding of the KSES Spring Annual Con-

17.

18.

19.

20.

ference, pp. 83-90.

Kim, B. K. and Kim, J. T., 2005, Scale Model Ex-
periment for Daylighting Performance by Lightshelf
Types, Journal of the Korean Institute of Educational
Architecture and Environment, Vol. 9, pp. 43-50.
Kim, J. T. et al., 2005, Design and Performance Eva-
luation of Horizontal Light-Redirecting Devices in
Offices, Proceeding of the SAREK Summer Annual
Conference, Vol. 19, No. 3, pp. 277-284.

Lee, H. W. and Lee, S. N., 2011, The Improvement
of Uniformity Ratio for Luminous Environment Us-
ing Horizontal Light shelf in an Office Building, J.
Korean Soc. LIVING ENVIRON. Sys, Vol. 18, No.
1, pp. 145-152.

Lee, H. W. et al., 2013, Simulation Study on the Per-
formance Evaluation of Light-shelf focused on the
Depth of Space and the Dimensions and Angles of
Light-shelf, Journal of the Architectural Institute of
Korea Planning and Design, Vol. 29, No. 3, pp. 335-
344,

(© SAREK




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


