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# # 5274294025 : MAJOR ARCHITECTURE
KEYWORD : DAYLIGHTING DESISN / CASE STUDY / SHADING / DAYLIGHT DISTRIBUTION /
LIBRARY

PAILIN PAIJITSATTAYA: DEVELOPMENT OF DAYLIGHTING DESIGN STRATEGIES IN
LIBRARIES. ADVISOR: VORAPAT INKARQJRIT, Ph.D, 135 pp.

The current research investigated the development of lighting design for reading areas
in Bangkok’s public libraries. This research aimed to examine the types of openings and shades
used in libraries and their efficiency in the use of natural light. Twenty one libraries were selected
as case studies. Architectural data of each case study, namely window to wall ratio (WWR),
vertical shading angle (VSA), and horizontal shading angle (HSA), were collected from a survey
of the actual sites. DIALux4.7 program was then employed to artificially create an opening for
natural light based on these data. There were 27 designs of openings simulated by the computer
program. These openings were evaluated for their efficiency in terms of average illumination and
consistency of lighting in four directions.

The findings suggest that, during 1921-1962, the design of openings followed the
traditions of building design. From 1966 to 1978, a combination of vertical and horizontal shades
was adopted. However, during 1897-2009, the details of shading designs were simplified. In
terms of the analysis of lighting efficiency, it was found that a standard illuminance level (300Ix)
and lighting uniformity (0.5) was reached in the Northem direction when the WWR of the opening
was between 0.59-0.82 and the VSA was at 42 degrees. Nevertheless, 0.5 lighting uniformity was
also reached when WWR of the opening was at 0.37 and VSA was measured at 37 degrees. This
condition appeared to yield the same result in the Southem direction. As for the Eastemn opening,
the illuminance level was found to be higher than average when the WWR of the opening was
between 0.37 and 0.82. However, standard lighting consistency was only reached when WWR
was at 0.37 and VSA was at 90 degrees. On the other hand, the Westem opening was found to
yield low lighting consistency when WWR was between 0.37 and 0.82, except in the case where
VSA of the opening was at 42 degrees and WWR was set at 0.82. The findings of this research
detail the characteristics of standard designs for natural lighting so as to provide the information
for future researchers with regard to possible designs of openings and their anticipated lighting

conditions.

Academic Year: 2010 L
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Window to Wall Ratio (WWR) = Window Area / Wall Area
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Vertical Shading Angle: VSA

VSA
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Horizontal Shading Angle: HSA
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#111: M. David Egan, p.179
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A3197 2.1 IESNA Lighting Design Guide for Library

Location / Task Very Important Issues Important / somewhat important
Reading area - Direct Glare - Appearance of space

- Reflected Glare - Color and color contrast

- Source /Task/ Eye geometry - Lighting Dist. on surface

- Lighting Dist. Task plane

- Modeling object

Book Stacks - Degradation factor - Appearance of space

- Active - llluminance (Vertical) - Color and color contrast
Category D require 300 Ix - Direct glare
(75 cm from Floor) - Reflected glare

- Lighting Dist. On surface
Lighting Dist. Task plane

Book Stacks - Degradation factor - Color and color contrast
- Inactive - llluminances (Vertical) - Direct glare
Category B require 50 Ix - Reflected glare
Catalogs - Direct Glare - Appearance of space
- Lighting Dist. on surface - Color and color contrast
- Reflected Glare - Lighting Dist. Task plane
- Illuminances (Horizontal) - Source /Task/ Eye geometry

Category D require 300 Ix - Degradation factor
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Location / Task

Very Important Issues

Important / somewhat important

Circulation desk

Reflected Glare
Source /Task/ Eye geometry
llluminances (Horizontal)

Category D require 300 Ix

- Appearance of space

- Color and color contrast
- Direct glare

- Lighting Dist. on surface
- Lighting Dist. Task plane
- Modeling object

Individual Study area

Direct Glare

Reflected Glare

Source /Task/ Eye geometry
llluminances (Horizontal)

Category D require 300 Ix

- Appearance of space
- Color and color contrast
- Lighting Dist. on surface

- Lighting Dist. Task plane

Audiovisual and Audio

Listening area

Direct Glare
Reflected Glare
llluminances (Horizontal)

Category D require 300 Ix

- Appearance of space

- Color and color contrast
- Lighting Dist. on surface
- Lighting Dist. Task plane
- Modeling object

fu1: IESNA (2000) the IESNA Lighting Handbook:

o o o

Reference & Application

- Reading Task #unfiansaulugnyaliddnaziflulfzang inadieuau dau
Y

=] A o A A o & Ql
Anen viTalRveN-AUNINAS RI41A

(7

wrasnLiauas (direct glare)

'
A 1

NFaaszdaAani319nweaf AN L lE N ALEILN AR AR AR

- Shelving and Stacks area n1sluasdniuNunduuiiade HuFesgeann auas

'
A o
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wikdeulufioviednaninsnasfionaininey uaznszanamusudiuandld Ussnaufunnsansinua
Analan analdlanaanlingaasaiaus neseilestuuiuduniede eliaunsaiinisedudu
wilide 4 Tne ki sunaaunnalay

_ Circulation desk nnslfuasazlduasanninuundminuaslaeinluazisdudannnsg
14 Task light el fuaaennza B vennsliualununnusaite fifusmdnyie goenuanniy

- Individual Study area ﬁﬁyW]Lﬁ@’Q’]ﬂﬂ’]iLLﬁdﬁumﬁﬁﬁﬁLLNQ%HL‘WI@WMNLﬂu'&'fmﬁq
wifiazinliAstiymaeifaauuliy Saaunsoudlelddaanisld task light e liuadeaslfs

¥ o ¥ v

wsiazsia sinumenisinsenaalannanudld vinlisassedsluGesnisasian Whandeunazaiuienas
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Tanafluiatlasiu direct glare iuiu LasNdAnyandaunitaAamnuiauainaaalan
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2.6 snanbunisldnasadtallszansaw
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AMNNITLNULIDHANTARAUINNLAN mi’LmmeﬁwmwumlummHm wunieliuasadng

o

srsnTRALAT LN Lasad el ssRn et uanEN A Nadne AT e Anssnaaeng 1
X dds DA A e LA e ¥ - Y

NulunuANFaIn1zANadanasuaziduszazsa et seiulunnsdssiluniseanuuunig liuas

F91997INTH AUADNANHIAIUNITAFINEN1IZANNALILNINTNBGLTAL (Visual comfort) #asinng

o

‘ﬂl 10 YV a 72 =d| a V% 1 a ‘éj
aanuuu ldin RadTyw lunisldeu doywniiaainniseanuuunis lAuaaI198950E5 Aadl

2.6.1 szauAIN1IdesdadNeiuuztn Tl A.A.1979 The llluminating Engineering Society of
North America l#An3gn1saenldaanadnsuniug uzesiiadendiAnnaaiulszansnisuesin
(IESNA, 2000) Aqeidnseuzaaanns a1 (Characteristics of the visual task) IaaiNansnaneauenis g

dl A 1 k73 dl v
SUNDRANANNAT AN NN LI UNAAINIT

A13799 2.2 UITnNaeInN14e9497194asAIN14e949 19NN MuAd S LRanssuAne luenAng

szinm N dnunuznsld Ansdesadnediinun
A Public spaces 30 Ix
B Simple orientation for short visits 50 Ix
C Working spaces where simple visual tasks are performed 100 Ix
D Performance of visual tasks of high contrast and large size 300 Ix
E Performance of visual tasks of high contrast and small size, 500 Ix

or visual tasks of low contrast and large size
F Performance of visual tasks of low contrast and small size 1000 Ix

G Performance of visual tasks near threshold 3000-10000 Ix

fu: IESNA (2000) the IESNA Lighting Handbook: Reference & Application

FI19197 2.3 LT LE LN ATFIUANNIABEI9TRINIUNIEUAZNIATF U U LITR AR

s¥AIN198892979 Tddiasngn

mmﬁm/ﬂgmm P P
49 a e o | o A ¥ A A
NIAU | LATULRAT W‘HV]']’NWLN’&@/@ NUNBIUNLNAR

Nm3g1u CIE 100 Ix 500 Ix 200 Ix 500 Ix

TALUEHITTAUANNARIATNINE T
81AN7 AN1AN WA LAIEINaLUS 100 Ix 500 Ix 200 Ix 500 Ix

sz lne TIEA

nNITNIaLiuf 39 100 Ix 300 Ix

£

aUTYEANINNY - AILANBIANT 100 Ix 300 Ix

Pn: westwAn g5leFu, lenanslsznaunisaeuizIniseeniuLN g IHLAIUAS UAISITNTNF, 2552
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2.6.2 flywuastnam FanvnuianuuasnIiaugs (Light source) luyuuasiiviu (Field of
vision) Yauasdinemas (Direct glare) iluuasdnnnliinamanaldaunenn (Discomfort glare) WaTLAs
AinaNnn1sdLsian (Reflected glare) ¥3afizandn Veiling Reflection AR INuAaINLALA9A LT 01

'
o =

fa1e9dng e luyunes

I__DQ

ANTIAIUAINHNLANFINNUBRIAIAIINEI (Luminance ratio) Lﬁﬂﬁmim’]@mnf]wmmmﬂ%’um
U dl U v ‘ﬂl % v Y o 4dl o D&d‘ o Y a
ATmNNzanunnis i uNaaivauauianiaed §ldeunialuy ideageganaeniulinazyinling

discomfort glare ANALUzI g

AN3799 2.4 §RI1AIBANNLANFANIDIAI AN AT WUTIN

é’mmmummLLmnﬁhwmmmmafmﬁui (WinledmLan)
2:1
Perceptible brightness difference for focus
seudnemnuveiues M anwinasay
3:1
Task and adjacent surrounding
i o, F 4 o Ay ]
TEUANWANLNINNNBY N ’&ﬂ’]‘WI@E?’ﬂ‘m’lNﬂﬂ')’](ﬁ‘tﬁiﬁiﬂ@)
10:1
Task to far surrounding
FLUININAINRALAS (TRILAD) AL ANINTIAEITAL
20:1
Lighting fixtures to adjacent surrounding
o e T . O = =
@mmmummLuﬂnm\mmnmmmmuvl,m@\‘lwumlmiusguu@\‘mummu
40:1
Should not be exceeded anywhere within visual field
nslalarilineslivindean
50 :1
Highlight objects to exclusion of everything else in visual field

#117: M. David Egan, 2000
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JTUAREURY Ming-Chin Ho a, Che-Ming Chiang b, Po-Cheng Chou ¢, Kuei-Feng Chang d
WAz Chia-Yen Lee Anmviadaidas Optimal sun-shading design for enhanced daylight illumination of

. v o = a A = ' : '
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49

Cross- Scenario (1) Scenario (2) Scenario (3)
section | _J_ i [ J__ T J_ T
i AT
a, without sun-shadings a. with sun-shadings a. with sun-shadings
b. lighting off b. lighting off b. inner-row lighting cn
Time c. lighting power: 0w c. lighting power: 0 w c. lighting power: 304 w

08:00

Average: 1091 Ix Average: 511 Ix Average: 705 Ix
Uniformity ratio: 0.25 Uniformity ratio: 0.40 Uniformity ratio: 0.83

AN 2.10 NMNA298N9971398984 Ming-Chin Ho a, Che-Ming Chiang b, Po-Cheng Chou ¢, Kuei-

Feng Chang dilaz Chia-Yen Lee, 2551
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MARUIN 2 — NFAUIMUTEaEWLANIETTNTNR ANTAYAAINITERIATNUAZNITATUIUUIANN

ANNANDURILEA

TRILAIANUR ALY 299 WWR = 0.82

dasndameiAriaguntauas WAR = 0.82
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FTATANNUUIAG(M)
NORTH AaaENsARIEINARRANG] TaduEs WWR 0.82
, ! VSA=415°, |VSA=415°, [VSA=415°, [VSA=705°, [VSA=705° |VSA=705°, |VSA=90°, |VSA=90°, [VSA =90,
FEULAINUUIAN(M)
HSA=89°  [HSA=77° |HSA=59° |HSA=89° |HSA=77° |HSA=59° [HSA=89° |HSA=77°  |HSA=59°
7.50 9.10 39.85 93.05 73.45 121.80
6.50 60.50 48.60 91.60 203.20 157.35
5.50 77.00 62.60 14630 117.45 258.35 202.75
450 112.80 81.95 65.10 219.85 172.80 136.40 329.20 254.10 204.10
3.50 140.25 103.55 74.35 292,50 231.60 167.95 455.20 350.30 264.95
2.50 182.80 124.60 98.30 401.75 296.35 231.00 651.40 471.80 380.95
1.50 257.15 194.15 151.10 623.30 486.30 373.60 1036.30 790.90 631.15
0.50 421,60 319.20 254.15 1194.05) 892.60 684.00 3647.95 1523.30 1199.10
maximum values of illuminance 421.60 319.20 254.15 1194.05 892.60) 684.00 3647.95 1523.30) 1199.10
minimum values of iluminance 112.80 81.95 65.10 219.85 172.80 136.40 329.20 254.10 204.10
Average illuminace 222.92 164.69) 128.60 546.29 415.93 318.59 1224.01 678.08 536.05
Emin/Eav ( minimum uniformity = 0.5) 0.51 0.50 0.51 0.40 0.42 043 0.27 0.37 0.38
Depth 1.20 0.65 3.15 250 1.95 4.85 4.00 3.45
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ABILFINWNALR LRI UIADRILFEY WWR = 0.59
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FTESAIMNUUIAY(M)
HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA=77° HSA= 59°
7.50 59.20 47.85 94.05 76.40 61.75 120.95 96.95 80.15
6.50 71.35 57.50 119.10 96.00 77.70 157.65 125.65 104.65
5.50 108.45 88.25 70.75 152.00 126.20 03.20 201.75 164.35
4.50 130.75 103.40 82.60 193.75 169.75 129.25 266.50 210.75 173.85
3.50 168.60 135.256 96.10 266.40 217.90 162.00 381.35 300.40 231.50
2.50 226.70 167.85 133.40 382.05 289.15 232.80 560.00 410.20 339.15
1.50 336.70 263.35 203.20 627.90 495.20 386.20 932.25 718.30 582.25
0.50 469.40 357.70 286.25 1202.30 890.60 677.15 3405.85 1343.60 1066.65
maximum values of illuminance 469.40 357.70 286.25 1202.30 890.60 677.15 3405.85 1343.60 1066.65
minimum values of illuminance 130.75 103.40 82.60 193.75 169.75 129.25 266.50 210.75 173.85
Average illuminace 266.23 205.51 160.11 534.48 410.52 317.48 1109.19 596.65 478.68
Emin/Eav ( minimum uniformity = 0.5, 0.49 0.50 0.52 0.36 0.39 0.41 0.24] 0.35 0.36|
Depth 1.10 2.75 245 1.80 4.10 3.50 3.10
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ARILAIN N ALK URUUIATRILEI WWR = 0.37
5000.00
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FTEZAINUUIATI(M)
NORTH ANDRRLNTADIRINARDANIL TRIWSES WWR 0.37
.. VSA= 41.5°, |VSA=41.5°, |VSA=415°, |VSA=705°, |VSA=70.5°, |VSA=705°, |VSA=90°, |vSA=90°, [vSA=90°,
szazaINUsIg(m)
HSA=89° |HSA=77° |HSA=59° [HSA=89° |HSA=77° [HSA=59° |HSA=89° |HSA=77° |HSA=59°
7.50 39.95 32.25 63.90 51.65 41.90 83.15 67.00
6.50 62.45 48.75 39.60) 81.50 65.10 54.00 107.75 85.40
5.50 73.40 59.00 48.85 115.05 94.35 82.05 143.40 116.45 99.50
4.50 92.90 73.35 61.20 141.40 114.90 96.00 182.40 143.55 121.20
3.50 122.00 98.75 73.45 192,70 156.75 119.40 265.05 211.75 167.10
2.50 145.55 109.95 89.10 263.30 198.05 158.85 383.20 281.25 236.10
1.50 134.45 104.00 85.30 374.55) 296.00 226.25 573.60 440.10 361.10
0.50 17.80 16.10 23.90 118.30 91.65 77.70 1478.75 368.85 340.50
maximum values of illuminance 145.55 109.95 89.10 374.55) 296.00 226.25 1478.75 440.10) 361.10
minimum values of iluminance 17.80 16.10 23.90 118.30 91.65 77.70 182.40 143.55 121.20
Average illuminace 102.54 80.43| 66.59 218.05| 171.47 135.64 576.60 289.10) 245.20|
Emin/Eav ( minimum uniformity = 0.5) 0.17 0.20 0.36) 0.54 0.53 0.57 0.32 0.50) 0.49
Depth 2.20 3.10 2.30) 2.00
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VSA= 41.5°, HSA= 30.6
—VSA= 70.5°, HSA= 1°
- 4000.00
VSA=70.5°, HSA= 12.8° H
VSA=70.5°, HSA= 30.6°
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x
3
(7=}
aZ
&
@
&
=
w
%
55
4
2000.00 &
©
o7
@
153
trv
c
- =
€
- &
1000.00
oo
1 (CIE)
0.00
7.50 6.50 5.50 4.50 3.50 2.50 1.50 0.50
& o
FLALAINUUIANG(M)
SOUTH AlaatNsAIsINAAanNe] Taduss WWR 0.82
.. VSA= 415°, |VSA= 415°, [VSA=415°, [VSA=705°, [VSA=705°, |VSA=705°, |VSA=90°, |VSA=90°, [VSA =90,
FEULAIMNUUIAN(M)
HSA=89°  [HSA=77° |HSA=59° |HSA=89° |HSA=77° |HSA=59° [HSA=89° |HSA=77°  |HSA=59°
7.50 79.90 60.40 47.40 162.70 129.75 99.65 238.70 188.85 146.80
6.50 101.75 74.85 60.35 211.45 165.80 129.45 324 55 251.90 197.10
5.50 123.95 95.25 74.70 264.55 211.85 164.95 414.40 327.30 254.90
4.50 140.60 103.60 78.35 327,65 261.35 194.00 551.25 43430 327.90
3.50 179.50 126.80 95.70 452,60 346.65 264.80 776.60 586.00 456.25
2.50 234.20 163.50 130.00 608.60 467.30 359.15 1301.60 1034.70 633.95
150 330.30 244.75 202.95 922.80 713.75 578.20 1650.90 1255.65 1025.35)
0.50 543.30 417.80 338.60) 4651.20 3601.50 3312.75) 7478.35 6056.85 4100.65
maximum values of illuminance 543.30 417.80 338.60) 4651.20 3601.50, 3312.75) 7478.35 6056.85, 4100.65
minimum values of illuminance 140.60 103.60 78.35 327.65 261.35 194.00 551.25 434.30 327.90
Average illuminace 285.58 211.29 169.12 1392.57 1078.11 941.78 2351.74 1873.50) 1308.82)
Emin/Eav ( minimum uniformity = 0.5) 0.49 0.49 0.46 0.24 0.24 0.21 0.23 0.23 0.25
Depth 1.70 1.10 0.80 4.70 4.00 3.10 6.80 5.80 470
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1 a o 1
dasudameidlaruindasias WWR = 0.59
5000.00
—VSA=41.5%, HSA=1°
VSA= 41.5°, HSA= 12.8° :
VSA= 41.5°, HSA= 30.6° 1
—VS8A=70.5°, HSA= 1° |
L1 4000.00
VSA=70.5°, HSA= 12.8° .
VSA=70.5°, HSA= 30.6° I
—VSA =90°, HSA=1 i N~
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FTEAZANNURUINIG(M)
SOUTH ANRRLNTADIRINNARDANIL TRIWSI WWR 0.59
L . VSA= 41.5°, |VSA=41.5°, [VSA=415°, |VSA=705°, |VSA=705°, |VSA=705°, |[VSA=90°, [VSA=90°, [VSA =90°,
FEezANWUNAII(M)
HSA=89° |HSA=77° |HSA=59° [HSA=89° |HSA=77° |HSA=59° |HSA=89° |HSA=77° [HSA=59°
7.50 92.35 71.95 57.25 131.75 106.20 83.65 182.00 116.35
6.50 111.90 87.85 71.70 37.95 111.05 158.50
5.50 107.75 83.40 218.95 181.05 143.70 204.45
4.50 129.90 98.70 287.15 237.85 180.45 432.35 270.80
3.50 164.00 128.70) 406.75 322.15 254.15 625.55 386.65
2.50 223.95 182.00) 576.75 45055 357.30 1117.65 548.80
1.50 337.00 281.10 927.85 728.20 600.30 1449.00 1110.75 930.15
0.50 504.95 413.90 6173.45 5113.85 3341.45 7125.75 5791.50 3911.75
maximum values of illuminance 504.95 413.90 6173.45 5113.85 3341.45 7125.75 5791.50 3911.75
minimum values of illuminance 129.90 98.70 287.15 237.85 180.45 432.35 346.90 270.80
Average illuminace 271.96 220.88 1674.39 1370.52) 946.73 2150.06 1725.65 1209.63
Emin/Eav ( minimum uniformity = 0.5) 0.41 0.48 0.45 0.17 0.17 0.19 0.20 0.20 0.22
Depth 2.50 1.80 1.40) 4.50 3.80 3.00 5.70 4.90 4.20




FRILAIAUNALS 289 WWR = 0.37

FadaneRAlATUIATaLEe WWR = 0.37

—VSA =90", HSA=
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—VSA= 4157, HSA=1°
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7.50 6.50 5.50 4.50 3.50 2.50 1.50 0.50
sTEzAINRUAIS(m)
SOUTH ANDRRLNMTADIRINARDANIL TRILEI WWR 0.37
E, VSA=41.5°, |VSA=41.5°, |VSA=415° |VSA=705° |[|VSA=70.5°, |VSA=70.5°, |VSA =90° VSA =90°, VSA =90°,
szazAaINWENAI(m)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59°
7.50 60.95 47.50 39 85.20 68.80 54.60 12150 98.40 80.55
6.50 77.25 61.90 50.65 107.60 86.50 69.05 164.45 131.65 108.60
5.50 94.90 77.90 63.15 153.00 126.40 102.65 217.95 179.60 148.45
4.50 116.65 95.20 74.90] 191.85 157.45 120.85 290.15 237.35 187.90
3.50 161.60 125.45 102.20 265.00 208.80 164.55 427.40 332.10 276.35
2.50 192.35 154.50 121.80 369.05 289.95 218.50 829.35 691.50 379.00
1.50 195.60 152.95 137.90 533.20 421.45 330.80 924.40 716.25 599.85
0.50 25.10 25.55 43.00 172.05] 144.75 123.95 819.30 590.95 541.15
maximum values of illuminance 195.60 154.50 137.90] 533.20 421.45 330.80 924.40 716.25 599.85
minimum values of illuminance 25.10 25.55 43.00] 172.05, 144.75] 120.85 290.15 237.35 187.90
Average illuminace 138.26 110.73| 95.96| 306.23 244.48 191.73| 658.12 513.63 396.85
Emin/Eav ( minimum uniformity = 0.5) 0.18 0.23 0.45 0.56 0.59 0.63 0.44 0.46 0.47|
Depth 3.10 2.40] 2.00 4.40 3.70] 3.20]
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s a o s
GRAILFAINNNANSIURDAN ARIATRILAS WWR = 0.82
5000.00
——VSA=41.5", HSA=1° 7
VSA= 41.5°, HSA= 12.8° |
VSA= 41.5°, HSA= 30.6° g
——VSA=T70.5, HSA=1° i
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FTALAINUUIANY(M)
EAST AR ADIAIIARBANIE Taduas WWR 0.82
L VSA= 41.5°, |VSA=41.5°, [VSA=415°, |VSA=70.5°, |VSA=70.5°, [VSA=70.5°, [VSA=90°, |VSA=90°, [VSA=090°
FTAZIMUUIAN(M)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59°
7.50 113.40 90.90 75.40 246.10 201.75 167.80 335.35 276.00 234.90
6.50 144.50 114.70 262.20 220.05 449.60 370.00 314.60
5.50 179.40 142.20 121.00 324.85 278.90 558.25 463.60 396.40
4.50 199.85 158.25 126.35 391.90 316.45 911.00 796.15 689.55]
3.50 261.15 206.30 168.10 633.80] 525.90 433.60 1762.60 1596.75 1470.40)
2.50 325.40 252.25 213.15 1854.35) 1698.80 1588.65 2895.70 2050.85 1888.05)
1.50 448.95 356.10 305.70 2809.50 2366.45 2229.15 3473.20 2892.20 2692.55
0.50 1706.50 1558.65 1493.30 3526.30 3127.75 2880.40 10173.50 9500.00 8055.35
maximum values of illuminance 1706.50 1558.65 1493.30 3526.30 3127.75 2880.40 10173.50 9500.00 8055.35
minimum values of illuminance 199.85 158.25 126.35 472.50] 391.90 316.45 911.00 796.15 689.55]
Average illuminace 588.37 506.31 461.32) 1859.29) 1622.16 1489.65| 3843.20 3367.19 2959.18
Emin/Eav ( minimum uniformity = 0.5) 0.34 0.31 0.27| 0.25 0.24] 0.21 0.24 0.24] 0.23|
Depth 2.70 1.60 1.50) 6.80 5.90 4.90 7.80 7.20 6.70
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FAILFINNARZIURAN AUIATAILES WWR = 0.59
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—~—— ©5000.00
——VSA= 415", HSA=1° f 1}
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FLATANNUUIATG(M)
EAST AR ADIAINARBANIE] Taduas WWR 0.59
L VSA= 41.5°, |VSA=41.5°, [VSA=415°, |VSA=70.5°, |VSA=70.5°, [VSA=70.5°, [VSA=90°, |VSA=90°, [VSA=090°
FTAZIMUUIAN(M)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59°
7.50 136.80 109.40 92.00 205.00 168.10 141.45 265.75 218.90 188.20
6.50 167.40 136.20 114.85 266.80 221.10 187.65 354.85 295.95 25
5.50 198.60 164.70 139.20 276.45 238.60 439.20 371.60 318.45
4.50 235.30 197.10 155.00 347.75 280.60 771.75 685.50 600.30
3.50 305.10 249.50 207.15 558.60] 466.45 390.75 1589.10 1457.75 1361.00]
2.50 619.20 543.75 492.95) 1778.20) 1640.65 1544.80 2686.35 1884.35 1755.75)
1.50 1613.70 1281.25 1219.65 2776.90 2336.70 2213.00 3247.00 2710.70 2549.00
0.50 2394.90 2234.35 2165.95) 7411.45 7013.15 5708.05 9778.50 9187.60 7798.95
maximum values of illuminance 2394.90 2234.35 2165.95) 7411.45 7013.15 5708.05 9778.50 9187.60 7798.95
minimum values of illuminance 235.30 197.10 155.00 410.80] 347.75 280.60 771.75 685.50) 600.30
Average illuminace 1033.64 901.19| 848.14| 2587.19 2360.94 2027.44 3614.54 3185.18 2813.00
Emin/Eav ( minimum uniformity = 0.5) 0.23 0.22 0.18] 0.16 0.15] 0.14 0.21 0.22] 0.21
Depth 3.60 3.25 3.05 6.00 5.20 3.80 7.20 6.50 5.70
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FRAILFAINWNAATIUBAN AUIATRILFAY WWR = 0.37
5000.00
——VSA=41.5", HSA=1° 7
VSA= 41.5°, HSA= 12.8" :
VSA= 41.5°, HSA= 30.6° 4
=—VSA=70.5°, HSA= 1° :
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FTAZATNUUIAIY(M)
EAST ANDRRLNTADIRINARDANIL TBILSEI WWR 0.37
r VSA= 41.5°, |VSA=41.5°, [VSA=415°, |VSA=705°, |VSA=705°, |VSA=70.5°, |VSA=90°, [VSA=90°, [VSA =90°,
szazAaINUENA1(m)
HSA=89° |HSA=77° |HSA=59° [HSA=89° |HSA=77° |HSA=59° |HSA=89° |HSA=77° [HSA=59°
7.50 89.80 71.80 61.60 139.50 114.65 97.95 185.80 152.60 133.90
6.50 115.95 93.50 79.45) 182.70 150.20 128.75 248.65 205.70 178.80
5.50 136.70 111.85 97.30) 249.70 208.95 184.65 317.25 267.40 233.30
4.50 167.10 140.25 114.25] 296.60 251.05 205.05 598.00 540.45 484.50
3.50 223.20 184.45 155.45) 1210.45 1141.80 1089.60 1352.10 1262.85 1199.00
2.50 1292.60 1246.95 1216.95) 2144.20 1441.85 1372.90 2348.80 1612.60 1524.15
1.50 850.35 801.85 787.40 1281.45 1146.90 1067.20 1586.40 1392.45 1297.80
0.50 50.40 45.60 62.70 231.30 187.60 170.75 739.15 562.40 520.25
maximum values of illuminance 1292.60 1246.95) 1216.95) 2144.20 1441.85) 1372.90 2348.80 1612.60) 1524.15
minimum values of illuminance 50.40 45.60 62.70 231.30 187.60) 170.75 598.00 540.45 484.50
Average illuminace 516.73 483.82 467.35 1032.80 833.84 781.10 1324.89 1074.15 1005.14
Emin/Eav ( minimum uniformity = 0.5) 0.10 0.09 0.13 0.22 0.22 0.22 0.45 0.50 0.48
Depth 3.40 3.30 3.25 4.50 4.40 435 5.70 5.35 5.10
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TRILAIAUNANZIUAN B9 WWR = 0.82

ARAIUFNIINARNZIUAN TUIATRILES WWR = 0.82
5000.00
—VSA= 41.5°, HSA= 1°
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LALANUUIAII(M)

WEST AR ADIAINARBAISE] Taduas WWR 0.82
. . VSA=41.5°, |VSA=41.5°, [VSA=415° |VSA=705°, |VSA=70.5°, |VSA=70.5°, |VSA=090°, |VSA=90° VSA =90°,
FTATIMUUIAN(M)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA=77° HSA= 59°
7.50 91.40 74.65 63.25 197.85 167.75 140.00 280.05 238.05 200.80
6.50 116.70 91.85 76.25 259.30 214.90 176.45 378.40 315.35 262.95
5.50 143.75 114.60 97.70 326.45 274.90 230.30 479.55 404.35 342.40
4.50 161.15 127.35 105.80 408.20 341.15 284.25 622.40 520.60 437.45
3.50 204.55 167.55 125.55 552.95 449.30 369.70 8564.15 694.15 581.95
2.50 264.10 200.50 172.25 727.00 577.30 496.45 1609.20 1369.00 810.10
1.50 372.75 296.40 241.40 1504.50 874.85 714.80 4838.15 4080.30 3843.80
0.50 580.00 457.45 391.55 4867.15] 4500.15 4261.35 12512.60 10651.15 10267.45|
maximum values of illuminance 580.00 457.45 391.55 4867.15] 4500.15 4261.35 12512.60 10651.15] 10267.45|
minimum values of illuminance 161.15 127.35 105.80 408.20 341.15 284.25 622.40 520.60 437.45
Average illuminace 316.5 247.9 207.3 1612.0 1348.6 1225.3 4087.3, 3463.0 3188.2
Emin/Eav ( minimum uniformity = 0.5) 0.51 0.51 0.51 0.25 0.25] 0.23 0.15 0.15] 0.14
Depth 2.10 1.50 1.10 5.80 5.20 4.30 7.30 6.75 6.60
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ARAILFINWNARLIUAN AUIATRILAY WWR = 0.59
5000.00
——VSA=41.5°, HSA=1° ]
VSA= 41.5°, HSA= 12.8"
VSA= 41.57, HSA= 30.6°
—VSA=70.57, HSA=1°
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FTATANNUUIAIY(M)
WEST AR ADIAINARBANIE] Taduas WWR 0.59
L VSA= 41.5°, |VSA=41.5°, [VSA=415°, |VSA=70.5°, |VSA=70.5°, [VSA=70.5°, [VSA=90°, |VSA=90°, [VSA=090°
FTAZIMUUIAN(M)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59°
7.50 106.40 88.15 75.60 160.30 136.80 117.45 217.65 186.45 160.70
6.50 129.10 105.50 87 209.60 176.50 148.40 292.45 248.15 210.70
5.50 154.00 130.25 109.40 231.95 198.95 372.55 321.95 275.30
4.50 187.90 156.25 132.75 351.50 298.05 253.65 495.85 420.40 359.05]
3.50 243.00 197.65 161.80 487.25) 400.00 335.10 694.05 569.55 485.70
2.50 330.05 262.00 230.45 1104.85) 971.00 474.10 1415.75 1219.30 692.50]
1.50 489.70 397.50 324.90 3203.45 2580.30 2431.85 4629.55 3915.40 3717.85
0.50 2837.05 2698.35 2624.35) 4837.70 447245 4221.05 12152.20 10367.00 10039.05
maximum values of illuminance 2837.05 2698.35 2624.35) 4837.70 4472.45 4221.05 12152.20 10367.00 10039.05
minimum values of illuminance 187.90 156.25 132.75 351.50 298.05 253.65 495.85 420.40] 359.05]
Average illuminace 817.5] 742.4] 694.9 1997.0 1744.4 1543.2 3877.5] 3298.3] 3058.8|
Emin/Eav ( minimum uniformity = 0.5) 0.23 0.21 0.19] 0.18 0.17] 0.16 0.13 0.13] 0.12
Depth 2.80 1.65) 1.50) 5.0 “T'“H.‘Sb‘r““]’":%‘.gﬁ """" |'6.'5p 'l““"fczngQ'O' ""520
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ARILFINNNAALIUAN AUIATRILAI WWR = 0.37
5000.00
——VSA=41.5°, HSA= 1° 7
VSA= 41.5°, HSA= 12.8° ]
VSA= 41.5°, HSA= 30.6° 4
——VSA=70.5", HSA= 1° ]
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FTYLIINRUIAG(mM)
WEST AR ADIAIIARBANIE] Taduas WWR 0.37
. VSA=41.5°, [VSA=41.5°, [VSA=415°, |VSA=705°, |VSA=70.5°, [VSA=70.5°, [VSA=90°, |VSA=90°, [VSA=090°
FTATIMUUIAN(M)
HSA= 89° HSA=77° HSA= 59° HSA= 89° HSA= 77° HSA= 59° HSA= 89° HSA= 77° HSA= 59°
7.50 69.50 56.95 48.10 111.40 94.65 80.50 151.55 128.45 110.95
6.50 88.70 71.95 60.50 144.25 120.20 101.15 205.05 171.15 146.90
5.50 108.00 90.35 76.45 205.20 175.35 151.90 268.95 229.25 199.15
4.50 136.20 112.20 98.80 254.15] 216.85 186.45 342.25 288.65 249.10
3.50 184.55 150.25 125.35 343.80 282.55 236.30 483.15 397.25 341.75]
2.50 215.85 171.50 156.55 894.85] 800.30 320.40 1108.90 972.50 479.50
1.50 651.55 179.25 161.75 3742.25 3198.60 3101.45 4064.65 3458.00 3342.15
0.50 33.70 33.85 49.80) 205.30 173.30 154.60 6039.55 5860.60 5816.40
maximum values of illuminance 651.55 179.25 161.75 374225 3198.60) 3101.45 6039.55 5860.60 5816.40
minimum values of illuminance 33.70 33.85 49.80 205.30 173.30 154.60 342.25 288.65 249.10
Average illuminace 244.4 129.4 118.5 1088.1 934.3 799.8 2407.7| 2195.4] 2045.8|
Emin/Eav ( minimum uniformity = 0.5) 0.14 0.26 0.42] 0.19 0.19] 0.19 0.14 0.13] 0.12
Pé;’)qw """ | """ '”'““'“Tfi»”'" B I T "|“|"|'|'“'"["""'3770""'7271;"3,45 2.55 5.30 4.40 4.00
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