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(medium)
221 (Absorption)
(heat)
Incident Ray
Medium
2.2
, 254T. 4
222 (Reflection)
1) (Specular Reflection)
(opaque material) (polish surface)

(angle of incident)

Incident
light

LPoliaheai mirror surface
Specular Reflection (ii = ir)

2.3
- Egan and Olgyay, 2002: 57




2) (Diffuse Reflection)

(perfect diffuse reflection)
(semi diffuse surface)
(semi diffuse refection) (Spread

N\
\

T—Matte surface

Diffuse Reflection
2.4

- Egan and Olgyay, 2002 57

LRough mirror surface
Spread Reflection

reflection)

25
: Egan and Olgyay, 2002; 57

223 (Transmission)

Absorptance + Reflectance + TranSmittanCe = L........cceeuemumsmsmnnsrensrsrsrrrrrerennn (21)

1) (Transparent medium)
(refraction) (bent)



. Incident Ray

\\
e
\T ‘;Incidenl Angle .
\ ‘ Tm,'is?im' Medium
\\(
2.6
, 2947 8
2) (Translucent Megium)
\\, Incident Ray
N
\\
Diffusé LiQ.hAt
2.7
2T 8
2.3 (llumination)
(llumination)
231 (Luminous Flux)
(lumen, Im)
1 1257

(point source)
1 ( 1) 1



10

L)
1 1257
1
1257
232 Soid angle ()
(Steradiian)
Solid Angle () = LW VA (01 (22)
A
R
Auf 1 IITINE
R=1%¢®
UMATIEALEITIN ~
1 WAWeR" de.
2.8 Solid angle
; , 245. 10
233 (Luminous - intenstty) (
)
(luminous intensity) (candlepower)
(Candela) (Lumen per steradian)
234 (lluminace,E) 1
(lumen per unit of area)
1 1

1 1 (Footcandle.fc)



2.9

2.10

solid angle
(flux)

L (lux, )

candelas, lumens, lux

, 254T. 16
1
1
1
2.10 )
ABC D 1
(luminous  flux) 1

1257

1Ix

Footcandle

(zero)

(Steradlian)
1257 (47)



2.35 (lumination)
() (tc)
E = I'd2
E
(fc)
I
(cd)
d
(foot, ft)
) A dd
WUAIANAALLES

-1 ft
, ~" 2t

~-

—
WA= 4 ft?
Wuhn1= 1 ft2 o

e 1cd 0 Q 1- fé. g

V)

(Inverse square law) 4

¥ s
Wudifia= 9 ft?

1/4 fc o ars fe

UM 2. 11 uaasAnudnRuireIngindse Ny

24
24.1 (Brightness)

)

2 (Secondary light source)

(Foot-lambert)

fL fc*P

, 2047: 18

(Luminance)
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fl = fC % X
fl ,
fc
P (%)
X %)
24.2 (Contrast)
Contrast™ (B LY/ LT inrenssssssssssssssssssssssssssssssssssssnneens (26)
lg
Lf

 CONTRAST |

2.12

243 (Glare)
2 (direct glare) (reflected
glare) (213 )



1) direct glare 2) reflected glare
213
: Egan and Olgyay 12002: 27

2

1) (disability glare)

2) (discomfort glare)
C

244 (Luminous  efficiecy)

10-15
5080 /
110115,/

25 (Daylighting)

( ) 2

(direct ) (diffuse iluminance)

251 (Diffuse lluminance)
(tropical zone)
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(Jirattananon  and

Chawiwatworakul, 2001 A-3)

Month

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
oCT
NOV
DEC

21

6:00 .
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

21

700 .
0.
3.01
6.82

1143

12.46

1347

12,01
9.92

10.42

1031
7.36
4.75

- 6:00- 1800 .
.. 2001
Hourly mean values of diffuse iluminance (klux) by calendar month (Solar time)
00. 900. 12000 . 1100 . 1200 . 1300 . 1400 . 1500 . 1600 . 1700 . 1800 ,
1375 2571 35.07 35.18 45.42 51.46 4177 39.07 27.05 15.06 0.00
16.18  28.97 37.23 4441 47.28 48.71 43.43 37.54 29.77 15.87 340
19.74  30.40 39.67 42.50 41.98 4474 40.92 39.86 28.73 19.23 5.24
2096  31.02 35.52 35.48 38.92 41.80 41.16 37.98 21.12 16.53 5.86
26,98  39.38 49.31 54.23 52.30 44.84 41.94 30.47 2547 17.54 6.99
2410  36.10 4277 48.27 46.57 4491 46.39 40.24 30.46 18.80 1.14
2332 3436 43.17 48.07 47.25 47.66 45.33 38.49 30.80 21.78 1.62
2478 36.61 46.87 50.76 52.72 55.57 51.22 38.49 31.44 20.66 6.58
2223 31.06 43.77 43.98 48.48 47.04 42.25 35.19 2591 14.82 3.95
2353 3202 37.70 41,56 48.90 43.12 35.00 31.32 23.52 10.22 0.
1751 2611 33.44 37.94 38.28 35.75 34.18 28.34 21.22 11.30 0.00
1435 20.30 24.76 32.53 33.32 33.03 31.65 26.49 19.47 9.24 0.
(lux) . 2001
Time
ST v ; ~18:00 u.
e S T 8 e
17:00 W.
— / \ 16:00 W.
.\ \ 15:00 4
o -
\
14:00 u
— 13:00 U
12:00 4
11:00 W
/ 10:00 u

O 0.00-10000.00

FEB  MAR APR  MAY

30000.00-40000.00

JUN

Month

010000.00-20000.00

40000.00-50000.00

JUL AUG SEP OCT NOV DEC

020000.00-30000.00

+ Jirattananon and Chawiwatworakul, 2001: A-3

50000.00-60000.00
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Daylight Factor (DF) 300 Ix ( 31 Daylight
Factor (DF) )
26 (Sky Condition)
3
(Clear sky) (party cloudy sky)
(overcast sky)

1) Clear sky 2) party cloudy sky 3) overcast sky
214

'+ Rabhins, 1986: 231

( . 2524~ 2541)
22

100%
00%: wsoceneicecenenr- AW HULALONGKORN. UNIVER Tt ) A, _
Y RS S DB o N
70% - e oo%
son A —
e | .
40% -
30%
20% s
10%
0% H=

gmnnan (%)

1 2 3 4 5 6 7 8 9 10 1 12
sELARY

Dclearsky(%) E3 party cloudy sky (%) O overcastsky (%)

, 2543: 15
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2.3
]
100s6 -
80% Semmeeaacuconga @ ol oo S e B :
606 Lot st o S s, S e ot e 5%
0% 4
B ~
5%
0% ' ‘ T 1
Clear sky partycloudy sky overcast sky
261 (Clear sky)
2
3
(215 )
EH = 1345 + 14795 SINA (UX)..oooorieerneneerrrrseseessinssssseessssssess 27)
Log EH = 4.466 +0.31 log A (lux) (2.8)
EH o (Ix)
A (Solar Attitude)

N CLEAR SKY

—{ -
N ! /. NONUNIFORM LUMINANCE

N
l /:/;/ TL: R\\

e 5 ~,
An f maximum : \\/\
ST e Area of minimum™~
’

luminance 5 :
luminance essentially

4 \\
2 : undform A\
For 3Lz (Bqai 3ll~-——-l\

2.15 (Clear sky)
1) Brown and Dekey, 2001. 27 2) stein and Reynolds, 1992: 974



26.2

Ep =

216

26.3

&
T

K '=

(Party cloudy sky)
BTI0A oo (29)
(Solar Altitude)
0.35 ES+0.89 EC covovvievsesssssssssiiiiimvssssssssssssssssssssssssssns (2.10)
(direct )

(diffuse illuminance)

(party cloudy sky)
- Brown and Dekey, 2001; 27

(Clouay sky ~ Overcast sky)

LZ(LH2SINA) [ 31 211

A
(Zenith)

18
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A=0 =£2/3
(exterior horizon illuminance)
(exterior vertical illuminance) 25 (2 )
£1 =300 + 2LO00HNA ..ovvvvvvvvrrrrrrsssesssssssssssssssssssssssssssssssssssnsssmsssssssssssssess (212)
(Solar Alitucle)

1
;/’*'\; COMPLETELY OVERCAST SKY
\_/ (NONUNIFORM LUMINANCE)
A

- {
CIE sky = ‘Lz
.

2) o
2.17 (overcast sky)
: 1) Brown and Dekey, 2001: 27 2) stein and Reynolds, 1992: 974
2.1
(electromagnetic wave)
2
211 (Terrestrial Radiation)

1) (ID: Direct Solar Radiation)
|
2) (d: Diﬁtjses Solar Radiation)
3 (Ir: Reflected Solar Radiation) !
4) (IT: Total or Global Solar Radiation)

; ID+ Id+ Ir( Btu/hr/ft2 (213)



28 a
2
281 (Absolute  lluminance)
(fc) (%)

282 a

(Relative llluminance) (overcast sky) %)
3 Lumen Method, Daylight Factor Method

Flux Transfer Method ( Daylight Factor Method )

1) Daylight Factor Method

(afitude ~ azimuth)

(Sky component, SC)
(Clear sky)

(completely overcast sky)

(Externally Reflected Component, ERC)

(Internally Reflected Component, IRC)
SC  ERC
ERC

Daylight Factor (DF)

20



DF (%) (1% 100%...... 2.14)

(Ee | )
DF 10 %
10%
Syjight,
= \t(ilmpceoroa'ture()J ot Sk
N‘N§ co%ponent
\ o
rrcy TR
femperature) A , I l , t(:I(EJFrené))onent
atrom obsrieton Internal
Light reflected 5il component
from ground MU | V (IRC)D
218 Daylight Factor (SC) (ERCB
(RC)
. Egan and Olgyay, 2002: 303
Daylight Factor (DF)
DF
( 2.2 Daylight Factor )
2.2 Daylight Factor
(DF%)
1.5-2.5
2.5-4.0
]
 Stein and Reynolds, 1992; 197
283

ES(USA) ES(BS) | 23 24 )

CIE (International Commission on lllumination)
3 2
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23 CE  IES (USA)
(@) CIE (Ix) IES (Ix) (b)
Public spaces with dark
20-30-50 20- 30- 50 _
surrounding
Simple orientation for shot
50-75- 100 50-75- 100 .
temporary visits
Working space where visual
100-150-200 100-150-200 tasks are only occasionally
performed
200 - 300 - 500 ,
Performance of visual tasks of
200 - 300 - 500 _ ,
high contrast or Large size
300 - 500 - 750
500-750- 1000 .
Performance of visual tasks of
500-750-1000 , ,
medium contrast or small size
750-1000-1500
Performance of visual tasks or
' 1000-1500-2000 1000-1500-2000 ,
Very small size
2000 - 3000 - 5000 Performance of visual tasks of
low contrast and very small
size, Prolonged period
2000 5000-7500-10000  Performance of very prolonged
and exacting visual tasks
10000 up Performance of very special
visual tasks of extremely low
contrast and small size
(@) ,2540: 1-6 (b) IES. lluminating Engineering Society : Reference

Volume, 1983: A3

Daylight Factor %)



. 2540:

20
20
15
15
50
50
20
50
50
50

50

-6

ES (USA)

23

Daylight Factor (%)

0.6
0.6
0.5
0.5
2.5
2.5
0.6
15
15
20

2.5

©

work plane
work plane

work plane
work plane
work plane
vertical
work plane

work plane

work plane

24 CIE
Daylight Factor H )
(IX) (IX)
CIE IES
| @ 0
50-100-150 50-75-100
100- 150-200  100-150-200
100-150-200  100-150-200
100-150-200  100-150-200
, 300- 500- 750  500-750- 1000
500-750- 1000 500-750-1000
300-500- 750  200- 300- 500
100-150-200
150-200-300  200- 300- 500
300-500- 750 200- 300- 500
200-300-500  200- 300- 500
150-200-300  200- 300- 500
. il , 2540: 46
()IES. lluminating Engineerting Society : Reference Volume, 1983: A3 (c) BSI Draft for Development:
13 Applications Manual window Design, 1987: 31
2.9

(Side lighting)

(top lighting)
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29.1 (sice lighting)

(SC) (ERC)
(IRC) ‘
170 "( , 2541 % Flynn, 1983)
()
2-3 .
(working Plane)
292
3
1) (Lower Windows) 090- 150 .
(contrast)
2) (Middle Windows)
090 - 200 .
2-3 .

3) (Upper Windows) 20 .
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219

2.20
: Mojoros, 1993: 38
293
(orientation)
2
25H H ( 224
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P
221
294 ' '
)
( 219¢
)
20 % (Lechner, 200L: 376)

Brightest near Winslow

i i
7/o§b / /" ," ,' ," ‘ Illumination gradient (steep
:/ > / / ! ] Y curve indicates uneven light
i 10 ’5| i distribution)
Sidelight From Window
2.22
- Egan and Olgyay, 2002: 319
)
2
[llumination
gradient
Unilateral Bilateral
2.23

: Egan and Olgyay, 2002: 112



- Lechner, 2001; 376

Small amount
offacade is

' equivalent to
a large reflective
| foreground
\\\ '
NN |

Large reflective
foreground

2.25
- Egan and Olgyay, 2002: 93

2.26

: Lechner, 2001: 377

27



210 (Lightsheff)

2101
(Exterior lightshel)
2 (Interior lightshelf)
3 (Combined lightshel)
! Summer 6
P4 // Z Winter sun
Temperate Cold Climate:

Climate:
//Projectmg light shelf i lnt.enor hght shelf
'—r/d Glazing shaded Glazmg flush with
1 / during overheated facade (to admit
"4 season maximum solar

i energy)

1) Combined lightshelf 2) Interior lightshelf
/
Hot Climate: /’ /
R / /
/ - Exterior light
shelf (to provide year-round
shading)

B

RTINS T

3) Extet;ior lightshelf
221 Lightshelf
: Egan and Olgyay, 2002: 120

28



: Claude, 1986: 121

2102 '

Specular white surface \ et
! N h

4 Blinds 5to conthol solar
Penretr tion \r/vnnout crgﬁatgn
Igure backarpund conflc

ight sheif (to reflect
9Fct surll E]ht toward

: Egan and Olgyay, 2002: 117

165-200 .

29



: Moore, 1991: 89

21 fi

0.75m 1.5m 1.5m 1.5m 1.5m
10004 200+ § | |

9 olo LY X o¢o
500- 10 < To'a”'ghu/‘ﬂg.)’‘____‘_.'_..-_--..ﬁ
204 64 [- ~ — S~ = .~ e _ Mghttme electric ighing _

3 3 <«— Daylighting
I B | T T T T
Ix % 0.2H H 2H 3H 4H 5H

7 2.31 usmmanaun s U TN R LAz UA sz A
: The Luminous Environment, 1986: 141

2111



)
E =
E
N
L
MF
eu
A
E MF
E
MF
MF =09
Cavity Ratio)
RCR =
K =

3

NXLXMFXQU A oivvvvvsssssssssssssssssssssssssssssssssssssss (2.15)
' (%
/
eu
ES CE
500
MF
MF=0.75- 08
MF =05
eu
eu
eu RCR (Room
K (K Index)
eu RCR K
BXHX(LAWY(LXW)..oovvvvvvvveseesessesssssssssssssssssssssissssnsssssssssssns (2.16)

(D) (LXW)-s 47)
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L

H
2112
Total Watt of Lamp = lluminance * Area (2.18)

Efficacy (CULLF)

Total Watt of Lamp

- )

lluminance (Ix)

Area ( )

Efficacy

CU (coefficient of utilization)

LLF (light loss factor)

LDD (lamp lumen depreciation)

LLF = RSDD * LDD * LSD * LLD * LBF * LAT *VLF * LBO.............. (219)

RSDD (room surface dirt depreciation)

LSD (luminaire surface depreciation)

VL (voltage to luminaire)

LBO (lamp bum out)

LLD (luminaire dirt depreciation)

BF (ballast factor)

LAT (luminaire ambient temperature)

RSDDLDD LD
BFLATWLFLBO*LSD 1

2113

photocell
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2 (cadmium
sulfide)

(photocell)

(Electronic photo sensors) 1 (silicon diode)

3
. http:/fwww.leam.londonmet.ac.Uk/packages/daymedia./costasicontrolsfleo_8.html

(Electronic photo sensars)


http://www.leam.londonmet.ac.Uk/packages/daymedia./costas/controls/leo_8.html

2.33

. http:/ww.team.londonmet.ac.uk/packages/daymedia./costas/controlsfieo _8.html
212

2121 Asmac in Bussigny

(translucent)
DF 33%  8/10

iy

1) NARNWALUaN

IVIdX. Suldl dituug
mn'- 1 Summer (21 June) 47°
et INInter (22 Dec)

3) )

1234
: Program LesoDAIL Lexicon Version 2.0,

Photo sensors

J.D. Baechier

gy /

7

ol A
2) gUnseresiuiviasiliAnmnaans

Scale (m)
0 "2

Required Eurmnance P N
300 L '.1
DLF | .

I 1 5%10% = '

[ 1 3%5%

~~] W
DF 300 Ix
Asmac  Bussigny

Mulimedia Toolbook- M16. EXE


http://www.team.londonmet.ac.uk/packages/daymedia./costas/controls/leo_8.html

35

2.5 Asmac in Bussigny
L
2 140 .
3 B (translucent)
4 2.00 .
5.
2122 Institute of Virology in Mittelhausem lten &
Brechbuhl (Beme - CH) . 1973
DF 120% 810
1) u,amqﬁ’numﬁgﬂﬁ?a;ﬁwvmmnmm;m 2) umﬁmu"dﬂ«ﬁm uaziiaRsTiauLAY
S o
== =
— ou=Lux
| [] s%aom
oo L] e
— At G bay e L 10°%
3) 4) DF 500 Ix
2.35 Institute of Virology in Mittelhausem

 Program LesoDAIL Lexicon Version 2.0, Muttimedia Toolbook- M10. EXE

MWY14P
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2.6 Institute of Virology in Mittelhausem
14
080 .
2.10 .
1.00 .
2123 Nike Etropean Heaoduarters Wiliam Mcdonough
(overhang)
Clerestory
(Skylight)
60 %
(SC) 0.40

2.36 Daylight Facté)r
: Ander, 1995:106-112




3

2.1 Nike European Headquarters

120 .

2.00 . -

1]
1]

2124 United Guif Bark Skidmore , Owings & Merrill LLP (Adrain
Smith, FAIA )

e s ettt

&,
~
. :-Vm', ¥ v o S ..
g Ehnely km, R -
R e T
i i : INTERIOR . mnmamaqw
e » Katar) dyvlisiet enters o
'ﬁ%’: \ & fbafrips&rn‘ﬁ” sk
Q A 2 Azcent wﬁw’;’ﬁhn‘”‘”f‘ﬂ"
& Q \ wl%f 7L ¢
<>O | bsttae rpriccsve oo ko m o
@é &L i . ».«w.hr.-cf gHss
SO é‘;?r i‘»\ SUN CONTROL. SYSTEM
’go'éld’: ¢¢- - g bﬁ%ﬂ‘b&wwm
:::I",;éla 3 bl ‘:—r/.;’si?n ;:42 Ly fm ot MMM&
g% F—fvied gl
@ s - 9:4” )‘d Acm ;nrﬂl
i i "f;w;s%”
R
4 = e ——r
(RS S
v

2.37 United Gulf Bank
: Ander,1995: 117-120



28 United Gulf Bank
1
2 1.20 .
3.
4 200 . -
5. ! -
2125 Automotive  Industry Office /- Warehouse . Group

Mackenzie, Robert Thompson, Project Architecture, Portiand, Oregon
!

(overhang)

(skylight)

“ The Daylighting Zone

Core Conference Rooms

Perimeter O ffice Space

Daylighting Diagram I

- Ander, 1995:130 - 136
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2124 " Johnson  Center

Charlottesvile  Virgina
!

Automotive Industry Office / Warehouse

150 .

200 .

. Wiliam Mcdonough

45

(Clerestory)

N
\‘.]
i

1

e

1) pUdinzesiasvieuuas

2.39

- Ander, 1995:147 -

143

2) Megzvipuuaaneuen

39
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2.10 Johnson Center
)
L
2. 100 .
3
4, 2.00 .
5
2125 University of Victoria - Engineering Lab Wing The Wade
Wiliams Young & Wright joint venture 1
i
Ul . ﬁ LY
E § P
2) light shelves
240 light Shelf

- http.Viwww.louvrecompany.co.uk


http://http.V/www.louvrecompany.co.uk

211

2125

University of Victoria - Engineering Lab Wing

1.00

200

Mejoras, The University of Queensland

4

s Path of roller
Tilted
L i

\ \\\ X glazing ““\ View glazing
N

\
NN

\ et
1ays

~ Rolter

U 2.41 usnsglinpasiivasiouuas

A Light: The Luminous Environment, 125



212

Majoras, The University of Queensland

200 .

42
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