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(Visible Light) (spectrum)
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(Electromagnatic Radiation)

(Medium)
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Absorption

Reflection i
ﬁ Transmission

2.3

221 (Absorption) (Medium)

(Light) (Heat)

Incident
Light

Absorption Absorption

2.4

2.2.2 (Reflection)

(Specula Reflection)
(Opaque material) (Polish surface)



(Angle of Reflection)

Incident
Light

2.5

(Angle of Incident)

Reflected

Angle A=B

Specula Reflection

(Diffuse Reflection)

(Perfect Diffuse Surface)
(Perfect Diffuse Reflection)

Incident

Light Perfect diffuse

reflection

(Semi Diffuse Surface)
(Semi Diffuse Reflection)

Incident
Light Semi diffuse
: reflection

(Diffuse Reflection)
Perfect diffuse reflection

Semi diffuse reflection
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(Combined Specula and Diffuse Reflection)
(Specula) (Diffuse Reflection)

Incident Reflected
Light i

Medium

2.7 '«

2.2.3 (Transmission) (Medium)

= A +

(Absorption)  (Reflection) (Transmision)

(Transparent Medium) (Refracted)
(Bent)

1



Incident
Light

, Incident angle

Transparent Medium

2.8

(Translucent Method)

Incident
Light

Transparent Medium

2.9

1.520



].SinO].: 28 0 (2.1)
12 = 1 2
01 =
02 =
2.3 (lluminance Theory)
(/lluminance)
231 (Luminous Flux)
(Power of Light Source”
(Lumen)
W ita
el Ljuin»
2.10 (Luminous flux)
: Mechanical and Electrical Equipment for Building 1page 915
Solid angle (@
(Steradian)
Solid angle ((0) - A /R2 steradian 2.2
4 & ﬁn da
Wa = WuhHINNIITD
R = Jalluaimsinay

13
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(Candela) 1
(Blackboaly) (Platinum)
Light Source
§ad
7 30"? 30':7 i .
. ﬁg:ﬁﬂ 343&%
Al R fcoN é F 28 B \% 30"E = 800 ed
0% E=1,150 cd
211
2.3.2 (luminanace) 1
' (lumen per unit of area)
( 1 ) 1 1
1
(1 foot-candle) 1 (foot-candle)
1 1 1
(Lux) (foot-candle)
1Lux = 10.76 footcandle ( 10 )
CIE (International Commission on
lluminanation)
20- 30- N0
50- 100 - 150
100- 150 - 200
200- 300 - 500
300- 500 - 750
500- 750 - 1000
750- 1000 - 1500
1000- 15 -2000
2000
21 CE

, page 1-6



CIE

. (Contrast)
233 (lllumination)
(Inverse Square Law)
(Lux) (foot-candle)
S (23
E = (Lux) (fc)
| =
(cd)
d =

1/9 fc

212 Lcd
(Luminous Intensity)
(Solid Angle) (Luminous Flux)
(Luminous Intensity) (Lumen)
(Candlle
Power) (Candela) (Lumen per steradian)

(Point source)



1 1
1 (lumen)
1 12.57 1
12.57 ( ,
19)
24
24.1 (Brightness) (Luminance)
(Foot-lambert)
FL/ZFCK P oiieistisseseessssssssssssssssssssssssssssssssssssnsannens (24)
FL =Fcx | (25)
FL =
Fc =
P = (%)
| = (%)
24.2 (Contrast)
(Clare)
C = (|_2- |_1)/|.1 (2.6)
C = (Contrast)
U = (Luminance)

16
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(Glare)
L2
2.13 (contrast)
, page 1-11
25
25.1
! 40
(
(Ultraviolet) (infrared) )
Commission International de I'Eclairage

(CIE) 3
L (Solar Altitute), a,
2. (Solar Azimuth), as

0 180 -180



(Clear sky)
(Partly and Cloudy sky)
(Overcast sky)
(Slear Sky) (Partly and Cloudy Sky)

10-15

252

(Window and Skylight)

60

140
130
120
10 ~
100 -

d 8
gy,

214

: Daylighting , Daylight Sources and Availability

18



2.6

19

(Latitude and Longitude of the site)
(Day of the year Julian date)

(Local time)
(Local time) (Solar time)
(Radian)

, : E

| \g ,
N

“”p”. A f / S

P
L]

N

[

MERIDIAN

2.15 (a, laltitude) (a, lazimuth)
Daylighting 1Daylight Sources and Availability



2.6.1
(Longitude 11) (Latitude 1L)

(Latitude)

(Hemisphere)

(Longitude)
(Meridian 1Greenwich, U.K)

2.2

(Latitude)

13° 44'
14° 30
15° 48'
14° 01

19° 5%’
18° 47
16° 25’
16° 55

16° 20'
16Y_fig
14° 52’
14° 58’

13° 22
12° 37

10° 27
08° 25’
07 11
07° 58’

(Building Research Department) 1

(Hemisphere)
(Latitude)

(Longitude)

100° 30’
100° 10°
100° 10°
99° 32'

99° 50’
98° 59'
101° 08'
100° 16'

102° 51
104° 53’
103° 29’
102° 07

100° 59
102° 27

99° 18
99° 58’
100° 37
98° 24

47 - 48



0 *I 311 fivijuj T
1 ™17 1

26.2 24
(Solar time)
(Longitude)
(Equation of Time) (Equation of time” (Solar Time)
(Clock Time)
(Elliptical orbit of the earth)
(Solar declination of the axis)
Equation of time

ET = 0.170sin (47T(J-80)/373)-0.129sin (27t ( -8)/355) s (2.7)
ET = (Equation of time) ( 1330 .
135)
= (Julian date)
1 65 !
(Time Zone standard Meridians)
Time Zone Standard Meridian
Degrees Radians
Atlantic 60 1.05
Eastern 75 131
Central 90 157
Mountain 105 183
Pacific 120 2.09
Yukon 135 2.36
Alaskan-Hawaiian 150 2.62
Bering 165 2.88
2.3
: Daylighting 1Daylight Sources and Availability
(Prof. Lamm, 1970)
(solar time)
(Standard time) (daylight time)
Pe T D m L s s s s s s (2.8)
t = (Standard time in decimal hours)

(Daylight time in decimal hours)

>
11



263

(Solar declination)

T o1 —

solar altitude
712

(Solar time)

a, = arctan ( -[ cosS sin (7TC12)]

(standard time)

U= tSHETH (12 (M- 1)) Tl 29

(Solar time in decimal hours)
(Standard time in decimal hours)
(Time in decimal hours)
(standard meridian) (rad)
(site longitude in rad)

(SolarPosition)
(Solar altitude and Solar azimuth)
1 (Solar time)
(Solar declination™

6= 04093 511 (27 (- 8L)/368) s (210

(Solar declination in rad)
(Julian date)

35 !

arcsin (sinl sind - €os 1 ¢0SS  COS(TIt/12)).rmvvuvvmsvrssrssssrsnn (212)

(Solar altitude in rad)
(Site latitude in rad)

(Solar declination in rad)
(Solar time in decimal hours)

0 72
(Solar Azimuth)

(212)
-[cos I'sin +sin | cosh cos(7tx/12) ]

(Solar azimuth in radian)
(Site latitude in radian)

22
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6 = (Solar declination in rad)
t = (Solar time in decimal hours)
(Azimuth)
! u
( )
a=-a-a (213)
ar = (Solar-glevation azimuth in rad)
as = (Solar azimuth in rad)
ae = (Elevation azimuth in rad)
8, = arccos ( cos a,/ cos az (214)
;= ' larccos(cos a, cos az)
al = (Incident angle in rad)
at = (Solar altitude in rad)
az = (Solar-Elevation azimuth in rad)
Profile angle
ap = arctan (Sin &,/ COS AZ) uuuuuvvvssssssssrsserrrsrssssssssssssees (215)
ap = arctan (1an &/ CoS az) ........wvvveeeersemmmrmmmmmmmmmsssmsssannnns (2.16)
ap = (Profile angle in rad)
8 = (Solar altitude in rad)
8 = (Incident angle in rad)
a = (Solar-Elevation azimuth in rad)



Esc
Km

Gh.
VX

Ext
Esc

Esc = Kmf j n GXVXdx (2.17)

= (klx)

= spectral luminous ~ flux (Im'W)

= ()

= (Photopic Vision Spectral Luminous

Efficiency at Wavelehgth)

= ( 380-770 )
(Solar Hllumination Constant) ; 128 kix

(Solar Irradiation Constant) 1350 / 2 (126 wlftd
(Solar Luminous Efficacy) 942 Imw

(Extraterrestrial solar illuminance)

B (L14005ac05 (20 -2)1365) ) s 218)
= (k)

= (klx)
= (Julian date)

EdE e € (2.19)

24



Edh = kix
Ext = kix

= (Optical air mass , Dimensionless)

c A (kix) B (kix) C
Clear sky 0.21 0.8 15,5 0.5
Partly Cloudy sky 0.80 0.3 45.0 1.0
Cloudy ' 03 21.0 1.0
*No direct ;Edn =10
optical air mass
M = 1/ SIN Ao, (2.20)
m = (Optical air mass 1Dimensionless)
a, = (Solar altitude in rad)

(dlirect horizontal solar illuminance)

Edh = EdN SIN &, wovvvvvverrrrrrrrvvrsvrvvssssssssssssssnssnnnnnnnn (220)
Edh = (Direct horizontal solar illumination)
Edn = (Direct normal solar illuminance)
8 = (rad)
(Direct vertical solar illumination)
EQV = EON COS @, orerrrrenrrrrrsrsssssssssssssssssssnenns (22
Edv = (Direct vertical solar illuminance)
Edn = (direct normal solar illuminance)

a = (rad)
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10

(Clear)

(Clear)

Ekh

oS5 O W >
oo

llluminance)

(The sky ratio method)

(Horizontal sky irradiance)
(Global Horizontal Irradiance)

sky ratio method

: Sky ratio <=0.3
(Partly Cloudy) : 0.3 <sky ratio <0.8

(Cloudy) : Sky ratio >= 0.8
(The sky cover method)
0 10
110 )
0/ 3
(Partly Cloudy) : 4 - 7
(Cloudy) 8- 10
EK = A + B SINC G, cormsssssmsssssssssesssssssmssssssssseens (2.23)
(ki)
(klx)
(klx)
(klx)
(rad)
(Zenith

26



Lz
Ehk
ZL

2.4

K = eML

(Zenith illuminance factor)
(ked/ 2

27

(2.24)
(ked/ 2
Ekh = A + Bsin® g,
Ekh

90 ;

85 o omas
o g 0.664
0.541
0.445

0371
0.314
0.269
0234
0.206
0.185
0.169
0.156
0.148
0.142
0.139
0.139
0.140
0.144

88865888 8& 30

3 & 388

(Sky zenith illuminance)

Overcast sky 1ZL = 0.409
Daylighting 1Daylight Sources and Availability

20= T12-at

(2.25)



L(;a

Lz

20

G
rad) a ,
2.16
Daylighting 1Daylight Sources and Availability
(Clear sky) (CIE)
Lea = LZ (qomdt 1083 + 045c083) (I - €0@™) ... (2.26)
m;" 10630 + 0.45c0sZ o) (l - E'OQ
P
(coordination) ¢ a (ked 2
(ked' 2
P (rad)
(rad)
(rad)
(Zenithal ) (rad)
y P
y = arccos (cos Z0cos C +sin Z0sin C cos a (2.27)
(Partly Cloudy Sky)
Leca = Lz (0526 +5€1sY)(1- €0B000L) wommmmmmmsmsmsnn (2.28)

(0526 +5¢1520) + (1- ed80)

28



Lea
Lz

O
11

Ekh
L¢a

Ekh
Leo

(Overcast sky)
= Lz ( (0.864 e*30BC  + 0.136(1-€08 " ) ) (2.29)
60.52 ”Tlu G4).52
(Overcast sky)
(Mark-Spencer)
Lea = (Lz/3)(L+2C0SC ) wwvvrrvrrriiiiverrnnssssssssmmsssesnnnees (2.30)
(kcd/m2)
Zenith (kcd/m2)
(Zenithal point angle) (rad)
(Differential)
dekh = Lc,acos ,dw = Leacosgsine d¢da (2.31)
= (kix)
= P C a
(kedim?)
= (Differiantial) (Solid angle) P
= (rad)
= , (rad)
Integrated
Ekh = U7L¢n  a SING COSE G a s (2.32)
= (kix)
= P e a
(ked/im2)
= (rad)

(rad)

29
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(Integration)
0 21 0 Wi
Ekh = 27l fo* fo 11 LGt SING COSG,d G U wuvvvvvrverrrrrrrrerrressrsssss (233
az 41112 12
Ekv = UMt tazeniz to LG.a SING COSG,AGACE mmmmmmmvveeerrenrenn (234)
Ekh  Ekv (Differentials)

(Discrete)m

MaT 17 5 708 AP ROOTCIH
e 8 % % 8 8 8 38 ¢ @}

(a) (clear sky)
o} o
NORQONTAL

8
T

ot
oo
oo
o
o
-
0
&
.
&
< /
R
- J
& ~ )
K 00 A
5 ~h
4
D 55 ASAD,
D

2
| A s 4

RAVMMANCE N ®ROLUX
SALTOLY BY 00 FOR APPACIOMATE FOOTCANDLER
]

(b) (Partly Cloudy Sky)
217
- IES, 1984b Heating and Cooling of Building pp. 679



RAVMNANCE B4 MO
MR DPLY SY W0 SO APPROSMATE FOOTCANDUES)
sPomurpavweoeeliIontesgs

(b) fhfiriidliojrhrtoatt 1Jo tfojfhliu tiiin flg y (Party Cloudy Sky)

©) S 1«0 # (Owns*) sky)

218 }
- IES, 1984b Heating and Cooling of Building pp. 680
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RLUMBIANCE B4 MO 3
GRATIPLY BY 30 FOR APPARIOMATE FOOTCANDLER
.-ng..pu...'..‘..’

@@ * we o« F 1o I ideifafhfolfc (cfear sky)

EAUMSANCE by sk Cu sk
PAATIPLY B 100 FOR ASPRAONMATE FOOTCAN &8y
i

SNAR AL TTTUCR I OSONEER
(b) fm tojri E roymtfett # « (Party Cloudy Skv»
" —
MORZONTAL UL SCY)
]

- AAUMSOANCE i M D% X
PRATALY &7 100 POR APPROXIMATE FOOITAMOLES:
a

(«y #m « « # 0" au #) * &  (Ovarcastaky)

IES, 1984b Heating and Cooling of Building page. 681
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2.9 (Sky Condition)
0 10

29.1 (Clear Sky)

29.2 (Partly Cloudy Sky)

293 (Overcast Sky)
2.9.1 (Clear Sky)

2 (Direct )
(Diffuse Illuminance)
(Solar Altiude) ~,  (Prof. Kittler, 1981)

(Non Uniform Brightness)

(Prof.
Hopkinson and Prof. Moon 11968)

Clear Sky

(Nonuniform Luminance)

2.20 Clear Sky
: Mechanical and Electrical Equipment for Building 1pp. 974

LA =LZ (L +2sinA) /3 (2.35)



A=0 =LZ/3

(Direct  llluminance)
(Diffuse  llluminance)

E = 300+ 22,000 Si0 A (IUX) s (236)
Eh = 1345+ 1479551 A (UX) o (237)
300 2,000
(1,000 )

positipn /Eia- . \

QPpositside
it position

(ertical Surface S¢

2.21 (Bearing Angle)
: Mechanical and Electrical Equipment for Building 1pp. 974

2.9.2 (Partly Cloudy Sky)
(Dynamic)
(Partly cloudy sky)
(Clear sky) 10- 15

(Prof. Nakamura and

Prof. Oki 11983)

we . ST0A (239)

34



Erp
A = (Solar Altitule)

Cloudy Ratio (The Gillete prediction model, 1985)

Eh = 035 ES 089 EC ovvvvvvvvviisssssssssssneen (2.39)
Eh = ( )
Es =
Ec =
2.9.3 (Overcast Sky
CIE Sky) (Scandinavia)
(Non-uniform Brightness Distribution)
(Horizon-Brightness)
(Zenith-Brightness)
3
La = LZ (L 42 SINA) T3 rrrrrmnssssssssssssssssssssssnnnees (2.40)
[A = A (Horizon)
lz - (Zenith)
A=0
LA = Lz/3

11% c&s2

35



Overcast Sky

(Nonuniform Luminance)

2.22 Overcast Sky
- Mechanical and Electrical Equipment for Building 1pp. 974

(Uniform-Brightness) (Uniform
Sky) ¢ )
(Zenith) (Horizon-Brightness)
(Prof. Krochman, 1993)
Eh = 300 + 20,000 SIN A (IUX)..corvrvvmverrrremsmssssimnenseesesssssns (241)
Eh - ( )
2.10
(
) ,
3

1 Lumen Transfer Method
2. Daylight Factor Method

36



2.10.1 Lumen Transfer Method Lumen input Method Total flux method
(station point, SP)

(Lumen Method) Southern Methodist
University . 1953 1956
(Worked plane) 2.5 (feet)
0.75 )
3-5
SP,max 5 10
(work plane) 0.75
SP, mid (Worked plane)
SP, min 5 10
90
3 ( 5 ) Emax, Emid,
Emin
E max (Absolute llluminance)
SP, max
E mid SP, mid

E min SP, min



Exterior llluminance

Exterior llluminance

Fenestration (window)

2.23

(Lumen Transfer Method)

Egh,0

SP.max
E.max

5 ft.
Dlstrance

SR.max
E.max

5 ft.
Distrance

Eqgh,o

__._’.._--_-_..-_....'

Middle of room

Middle of room

(Sky illumination and Sky condition)
(Solar altitude and Solar azimuth)

(Intensity of Sunlight)

Lumen Method

(Clear sky)

(Overcast sky)

38



Ag

Tg

Cu

Egv

(Dirt Collection Dg)
(Working plane)

(Lumen Method)

Esp = (Ee) (Ag) (Tg) (LLF) (CU) (2.42)

= (station point)

= (Coefficient of utilization)

Ee
(Eg) (Es) Ag Tg
(CuU)
0 2
c

K

Ee 2
(Downward) Esv

(Upward)

39



cU
Cs1Ks  Cg 1Ks
Esp = [(Esv) (Ag) (Tg) (Cs) (Ks) ]+ ((Egv) (AQ) (TQ) (CQ) (KG) ] v (2:43)
Cs,Cg = D
Ks,Kg =
19 =
Ag =
C1K
C K

'l

(Overcast sky)

(Evk) (Evg)w

ESO = EOVID - [EGHO* 0.1 ] (2.44)

Eqo = 0-1 oot (2-45)
Es.o
EGO
Egho
£00

(Clear sky without direct sunlight)
(EvK) (Evg)
e - EID (246)

e~ "OHC (247)

40
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D
Eghc
Egp
(Clear Sky with direct sunlight)
!
(Evk) (Evg) ]
Es.C= cov o [EQHDO. L] (248)
EGLC
Egvo
(Uniform Sky)
(EvK) Evg) |
UV = e A SN OO (249)
ES, = 05FEOV cicirnsecnsnesssssssmsssssssssees (250)
2.10.2 Daylight Factor Method sky factor split flux method
70
: ol (Daylight factor 1DF)

DFO = (Ei/Ee )X 100

(E)

(251)



DF(%) X 100 o (252)

DF 2 (Ei) (station
point) 2 (Ee)

Daylight Factor

(Daylight Factor 1DF)
1 (Sky Component)
(External reflected component)
(Interior reflected component)
(Sky component, SC)
(Clear sky)
(Completely overcast sky)

(Externally reflected component, ERC)

(Internal reflected component, IRC)

42



2.24 A) (Sky component 5C) 1
B) (Exterior reflective component ERC) 1
0 (Interior reflective component ,IRC)
(Daylight Factor)
DFO = SCO+ ERCO + IRCO cvvvvvvveveserescsescsescseisein (2.53)

(Maintenance Factor 1MF)

DFO = SCO+ ERCO + [(MF) (RCOD ..o 254

DF %
} 15

2.5-4.0

0650

25 Daylight Factor
Millet and Bedrick (1980) Mechanical and Electrical Equipment for Building 8th Edition, pp 197

43
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Standard Overcast Sky)

(Deep blue sky)
30

(Overcast sky)

(Temperature Climates)

(CE,

44
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' 500 ft-L
20 %
10000 M2
2,000 ft-L 4
(Blue
sky)
(Temperature Climate)
(The direct sky component) (The externally reflected

component) (The internally reflected component)
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