21

( 2540 1)

211

299,820
(John, Lewis, and Théo, 1992 : pp102)

038 078 (micron)
380 780 (nanometers) (Stein and John, 1992 : pp912)
spectrum

(visible light) spectrum
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21
------------ | S, R
(a) — 5 FM |
Cosmic Rays Ggﬁma YRays > Infrared Radar TV Rado  Sound
s E Short
wave
0 0 UM WE W 0 op s ome
Visile Light Frequency in hertz (cycles per second)
Wavelength nanometers (109 meters)
380i £+ 400 500 600 Il A780 800
FaruVpm »  Gun -, SR
I|&£r|mm R | Infrared
NearuUvK - Qranf Heaters
ULTRAVIOLET LIGHT L INFRARED
r
wmmmmmmmmmmmmg M V(b
21 (@ (b) *

. (a) Stein and John,1992 : pp912
(b) Lechner, 1991 :pp252
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(Absorption, g)

(medium)

(heat)

(Reflection.p)

(Specular Reflection)
(opaque material)
(polish or glossy surface) 1 (angle of
incident) (angle of reflection)
(
2.3)
(partially specular or directional reflection)
( 24)



INCDENT RAY

(N

BHeI0)

INCDENT RAY
polished or
glossy surface
24 S
(rmidy ek o dedod deda)
(Diffuse Reflection)
(matt surface)
(perfectly diffusing surface)
(perfect diffuse reflection)
( 25)
1 1 (semi-diffuse surface)

(semi-diffuse reflection) 26

20



INCDENT RAY

INCDENT RAY

sem - diffuse
surface

(cliffuse reflection)

INCDENT RAY

2.1

HBfirmifti aOK4  m3 l

«» X fll

Y (weidigdk)

(el o)

(specular  reflection)
2.

(specular reflection)
(diffuse reflection)
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(Transmission. T)

(Transparent Medium)

(refracted) (bent)

(2§

INCDENT RAY

(Translucent Medium)

(dliffuse transmission) 2.9



a + P + |

23



24

2 , 2540 : 14; Mazria, 1979 : pp8-10)

1
(secondary source)
2
(The )
(short wave radiation) (Ultraviolet)
(visible light) (near infrared)
(Mazria, 1979 : pp8-10) 4 210
T = D+1d+1 )

Direct Solar Radiation)

(
Id (Diffuse Solar Radiation)
Ir (Reflected Solar Radiation)
IT (Total or Global Solar Radiation)



210

(Lechner, 1991 : PP313-314)

(4)

(Lamps)

: Mazria, 1979 :pp9

(Lechner, 1991 :pp313-314)

25



212

PP3L2)

211

( , 2540 2-1)

(John, 1992 : ppl01

@b ©
: () Stein, 1992 :pp925

(b) Hluminating Engineering Society of North America [IES],1984 :pp9
(c) Stein. 1992 :pp915

: Lecher, 1991

(Candlepower)

26
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1)
(Luminous Aux. ()
1
(lumen, Im) 680
0.555 (microns) 1 (wath
1257
100 1200 (John, 1992 : pp105; Stein, 1992 : pp914-915)
Solid Angle (0))
(Steradian, s1)
® = A/R2
(Steradlian) Y
( (Solid Angle)
A
R

(Luminous Intensity, 1)

(candlepower)
solid angle
(candela)  Iumen
per steradian
1 1



28

1 1 1257
1257 1
1 1257
(), () 1 solid angle (@
| = 4/(0
(candela) A X
|
5>
0)  solidangle
(lluminance)
(lumen
per unit area) 1 1
1 1 1 (footcandle.fc)
1 1 1
1 () 1 10764 (Stein, 1992 .
Pp916)
(lumination. E)
(Ix) (fc)
(Inverse square law) ( ,240:2)
E=1/d ()
E
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(Luminance.U
(secondary light source)
(cdim2 (footlambert, AL)
B (p) | (T)
, ©

1 nl (7)
L
E
P
:

(Brightness)

(Subjective response) (Luminance)

(feld of view)

(Contrast)



30

(contrast ratio)

Contrast = |p- Lt
Lb

Lt

1 (brightness contrast)
( , 2542 - 16)
|luminance ratio (John, 1992 : pp118)

(Glare and Sparkle)
(brightness)
3 (Lecher, 1991 : pp267-269; John, 1992 : ppl 19)
— (Direct Glare and Direct Sparkle)
— (Indirect Giare and Indlrect Sparkle)
— (Reflected Glare 1 Reflected sparkle and
Veling Reflected)

(reflected glare and reflected sparkle)



reflected)
(glare) (sparkle)
(Gordon and Nuckolls, 1995 : PP40-42)
(discomfort glare)
(disability glare)
213
]
(comea)

(lens) (reting) (nerve)

()

3l

(velling



(rods)

212 ()

Q

(Stein, 1992 : PP926-928)

®)
!
© (a) Gordon, 1995 : pp3
(o) , 2542 29
(c) Stein, 1992 : pp928

32

(cones)



3

(eye adaptation)

30 (2540 14

1:200

1 1000 (John, 1992 :
ppl03)

(John, 1992 :ppl03 ; Lecher, 1991 : pp258 ;Stein, 1992 : pp929)
1-2
(The
central foveal vision)

30°

(The foveal surround)

(The peripheral vision) 2.13



213

(angle of degree)

. Stein, 1992 : pp929

2.14

34



214

(2541 :94%)

*

(footlamberts, FL)

2541 294

(average luminance)

1000 FL AVERAGE

3



(Lecher, 1991 : pp262-269; Stein, 1992 : pp928-960)

(The Tasy

— - (Size/Proximity)

2.15 (solid angle)

215

(solid angle)

— (Luminance or Brightness)

36



(Contrast)

(Exposure Time)

3



Ratio)

(The Lighting Conciton)

(lumination Level)

(Glare)

(Brightness Pattem)

(Chromaticity)

38

(Luminance Ratio and Brightness



(The Observer)

(Lechner, 1991 :pp274-276)



21

40
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(lux)

20-30-50
50-75-100
100-150-200

200-300-500

500-750-1000
1000-1500-2000

2000-3000-5000

5000-7500-10000

10000-15000-20000

: Stein, 1992:pp941

41

(fc)

2-3-5
5-7.5-10
10-15-20

20-30-50

50-75-100
100-150-200

200-300-500

500-750-1000

1000-1500-2000

2.2
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: Publication CIE N0.29.2(1986)-Guide on Interior Lighting

50-100-150
100-150-200
100-150-200

300-500-750
500-750-1000
300-500-750

500-750
500-750
300-500

300-500-750
300-500-750
500-750-1000
300-500-750
300-500-750
300-500-750

1500-200-300
300-500-750
200-300-500

200-300-500

300-500-750

500-750-1000
1000-1500-2000

50-100-150
150-200-300

. 2540 :4-4

42



43



214

(2541 1:24 - 1:25)

216

. 2540 : 1-24

(Lechner, 1991 : pp278)



(Shadow)

(shacle)

1:10

45



(Incident Angle)

INCDENT RAY

217

(Intensity)

o o — m

(Incident angle)

(working plane)

217

(incident angle)

(ilumination)

E = |*cos6

(illumination)
(indensity)
(incident angle)

(fc)

(cadela)



E

(MF)

(CU)

(

MF
CuU

(cos 0)

=0 (0 = zero)
(working plane)

1
12540 141 - 4-2)
L * MF * CU
A

(illumination.lux)

(lumen)

]



(room cavity ratio, RCR)

*

(RCR)

RCR = SH(L+ )

L*

RCR room cavity ratio

L

H

M
( ' )
(Uniformity)
(2500:45-46)

(working plane)
08

48



08

21)

49

5:1

20-2000 200-20000
20-200
200-2000

90° ( 2.13)
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2.3
3:1
10:1
10 1
201
40:1
. 2542 : 16 ;John, 1992 :ppl18
. 60-90%
35-60% 1550%

(reflected glare or veiling reflection)

Fymetd. 188 B2 6



2

(%)

70-90
40-50
25-45
20-50
80-90
40-60
25-45
20-40
60-90
35-60
15-35
70-90
40-60
20
30-50
80-90
40-60
25-45

51



2.2

12

(skylight

221

daylight)

50-125

(sunlight)

52



I\ '
400-1,400 (fc)
10,000
2540 : 40)
(e )
(olar radiation or insolation)
( ,240
23.5°
219) 1 24 1
1200 .
—+ March 21
September 21

28

. Olgyay and Olgyay, 1957 :pp52

- 26.27)

53



54

1
22
22
14 21
(Thai gypsum products public company limited,1995 : pp 61-62)
2 (altitude angle)
(azimuth angle)
2.19

29

Anderson, B.N.,,1977:pp302

2.20



220 @b ()
. (@) Olgyay, 1957 : pp52
() Anderson. B.N..,1977: pp312
(C) Thai gypsum products public company limited, 1995 : pp6l

latitude

(Sky Condlition)

( char) (latitue)

Char)



—

221

(Overcast Sky / CIE)
0% (
, 2542 - 41)
' , 254117

(non-uniform- brightness)
(zenith brightness)

(horizon brightness) 3
la = Lz/3 ©
(zenith brightness)
(harizon brightness)
(overcast sky) ' (non-uniform brightness)

. Stein, 1992: pp974



lz = 123 + 8600 snA (13)
la = Lzl + 2snA) (14)
3
Vi (zenith brightness)
la (horizon brightness)
A (Solar altitude angle)
(uniform  brightness)
2
(15
1z (zenith brightness)
la (horizon brightness)
(En
Jux)
Eh = 300 +21,000snA (16)
En
A (Solar altitude angle)
(exterior horizontal vertical
llumination) 2.5 ( , 25417
(Clear sky)

30% (
, 2540 41)



E K

2.22

(non-uniform luminance)

(horizon brightness) 3
(zenith brightness)
dt
(clear sky)
. Stein, 1992 : pp974
(half sky)
1,000 ( , 2540 1 23)

(1)

(zenith brightness)
(horizon brightness)

300-2,000

E 2



Eh = 1345 + 14795 sin A (18)
En
A (Solar alitude angle)
log Eh = 4.466 + 031 log A (19
Eh
A (Solar altitude angle)

(Partly Cloudy Sky)
! 30-70%

2540 : 41)

(clear sky) 10-15%
(Nadamura and Oki, 1983 , 2540

1 29)

Bh = 5710 A (20)



En
A (Solar alitude angle)
2
Eh = 035H + 089E 2
Eh
By
E
2)
(Koenigsberger, 1973
pl43)

80-90%

6% (2542 .:11-12;2542 :4)



222

(

, 2541 :94-95)

(Koenigsberger, 1973 : PP 141-143)

61



62

( , 2541  Lechner, 1995 ; John, 1992 ; Ogyay, 1957 ; Thai gypsum
products public company limited, 1995)



(Conduction)

2

g = *A*CD

CLTD

(Convection)

(passive)

(Reition)

g = A*SC*SiL

SC

SCL

(Wi 2k)

(shading coefficient)

(12



64

! (radiiation)

(solid angle)
(Incident angle)

2.23 ? (profile angle)
Anderson. B.N...1977: PP 302

(profile angle) ( 2.23)



(Thai gypsum products public company limited, 1995 : pp 71)
60° 30°
24° ' (bearing) 25°* (2541 : 240)

(24197

— | (Passive Zone)

— (Semi-Passive Zone)

— (Control Zong)
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(vistial - connection)

(working plane)
(incident angle,0) *

2.24

E = |c050/<



67

(Secondary
source)
2.5
2.25
(radliation)
(conduction)
(view window)
(visual connection)
2-3 ( ,2541:%)

(high window)

E | cos0/d2



(5499

(lightshelf) 1 (lightpipe) (shading device)
(reflector)

2.26 (Daniels, 1994 : ppl43)

226 @b ©
"I (@ (b)Horzog, 1996
(c) Daniels, 1994 :ppl49

68



(

(sensar) 2
, 2540 : 18)

(Lechner, 1991 : pp 342)
2

, 2541

69



70

3
(Calculation)
3
(Lumen Method) , (Daylight Factor Method)
(Flux Transfer Method) (2540 : 28)
(Lumen Method)
150 . 150 .
228
', 2540 :31
3 (Station Point,
s.P)

(working plane)



Esp
Esv

Agi

C5

Cg

71

S.p. max. 5
s.p. mid.
s.p. min. 5
E max. 1E mid. E min.
2.28
Bp = fa'Ad ¢ EU (24)
Esp
Eev
A
Tgi
o
(Cu)
2
( )
( )
Ew, C K 2
*cs* K)o+ [E Kd (25)
Ks

(field proportion factor)

Kg



Ey = Ry * field proportion factor

R
field proportion factor
0.5
C K
— (overcast sky)
Esv
Eqv
Eh
Ev
(Clear sky)
Es= v
Ey = en” 01
Esv

72

(26)



Edv
Eh

Ey
Ev
EH

Ey
Egv

Ew
Ev

(uniform sky)

(overcast sky)

(absolute illuminance)

(fc. lux)

(relative illuminance)
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' (Daylight Factor Method / D.F.)
(daylight factor)

(Stein, 1992 : pp979)

DF. = X 100% (35)
(%)
3
(Sky Component, SC) 1 (Externally
Reflected Component, ERC) (Internally Reflected Component,
IRC)
DF. = SC + ERC + IRC (36)
SC
ERC
IRC
2
(Moore, 1993
' pp325)
DF. = 10( )(H)2 + 4(Agh(P) (37)
(D)(D2+H2) A, (1-P)
(ft)



D (ft)
Al (ft2)
P (%)
A (ft2)
DF. = () (Ad (38)
A)
(Sky obstruction factor)
CuU (coefficient of utilization)
A (ft2)
A (ft2)

- (Graphic Method)

(Derek, 1964 ; Moore, 1993 :Hopkinson, Petherbridge, and Longmore
1966)

28

o 0

| - (a) Moore. 1993 :pp260  (b) (c) Moore, 1993 :pp183

10



AGiv -zr

2.30

: Hopkinson, 1966 :pp219

(Daylight Factor Protractor)
(BRS Protractor),

(monogram)

(Exterior
llluminance Contour Overlays)
( Path Chart)

(illuminance contour)



4 RNCRYN QlniEeots
() , 2542 (b) Moore, 1993 :pp245

- (Dot Charts)

(Obstruction

Mask Protractor)

2 A QmdoMiRuan () DiC

: (a) Moore, 1993 :pp233 (b) Moore, 1993 :pp242



DF.

2.5

2.5 (daylight factor)

DF. (%)
1.5-25

2.5-4.0
4.0-8.0

. Stein, 1992 : PP 197

X 100%



(Mode| Testing)

(Egan, 1997 : PP 13 chapter3)

(Evans, 1981 ; Lechner, 1991 ; Robhins, 1986)

2.33
. Robbins, 1986 : pp223

(modular)



(fc.) (lux)

(data logger) (photo sensar)
23% (@ 05 )
© () | (b) Robhins, 1986 :pp223
2
2
(clear sky)

(overcast sky)



2.35
: Robbins, 1986 :pp229

2.36
Lechner, 1999: pp346

800 . 11200 . 1600 . 2 900 ., 1200
1500 .



(Radiance)

(focus)

(software)

(Computer Program)

(Superiite)

(

200 400)

(graphic)

2540 :4))

| 2541)



22.3

( ,2542; 2541 ; Egan, 1997 ; Evans, 1981 ; Lechner, 1991
Robbins, 1986)

(balance optimum)
(shading)



(Skylight) 1
(Clerestory) 1 (monitor)

(conduction)

(Lightshelf)

, (eflector)

(0lass block)

(sensor)



CEILING SLOPED UPWARD
FROM OPENING

2.38

CEILING SLOPED DOWNWARD
FROM OPENING

(Egan, 1997 : ppl16 chapter3)

2.38

BASE CASE HIGH CEILING

Egan, 1997: PP 16 chapter 3

85



2.39



240

241

(Louver)

87



2.42 2 (Louver)
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