(Shape)
(Color) (Form) (Texture)
21
!
( 12521) (Visible Light)
0.38 0.78 (micron) 380-760 (nanomaters)
PM
CofmeRap  GamMM  xRaj 1 miar Rida/ TV Reo  sund
feryi Short
wave
v U U Weo
,/ Viste Light ‘\ Frequency m hedz (Cycles per second]

Electromagnetic sprétrum. See Chapter 19 for chromaiiciry diagrams o f oanoui light

21 !

: Mechanical and Electrical Equipment for Building , pp 912



380 - 760 (Manometers)

(Spectrum)
Visible Light
(Infrared)
(X-ray)
!
------- >
o
umfnasman A EETSehd ] T -
gulnaiud
AueRRuKE(nTuns)
22
1PP 1-20
Sunlight
Diffuse Light

(Secondary source)



2.2 (Physical of Light)

221 (Reflection)

Absorption

Incint

2.3

. (Specula Reflection)
( pecula) (Incident Angle)
(Reflected Angle)

24 Specula Reflection

15



. (Diffusion Reflection)
Angle) (Reflected Angle)
Perfectly Diffuse Reflection

Semi Diffuse Reflection Spread Reflection

Incident
Light v

Medium =

25
@
()

Combined Specula and Diffuse Reflection

(Specula Reflection)

Reflection)

Incident
Light

Medium

2.6

Incident =
. Light' 5

16

(Incident

(Diffuse Reflection)

Perfect diffuse reflection
Semi diffuse reflection

(Diffusion

. Reflected
- 'Light



2.2.2 (Transmission)

(Absorption) (Reflection) (Transmission)

(Refraction)

V)

Transparent Medium

(Refracted) (Bend)

2.7

Translucent Medium

(Diffuse Transmission)

17
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2.8

@)
1 ! (Critical

angle) () (©)

L7 0/ [2Y70020 e S seeeseseeseeennees (2.1)

o
=
1

() 1> 2 o,

() oc

29

,2540:1-19.
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223 (Absorption)

2.10

2.3 (Muminance Theory)

(luminance)

231 (Luminous Flux)
(Power of Light Source)

(Lumen)

Total s
12.57 wumens 5

211 (Luminous flux)

: Mechanical and Electrical Equipment for Building , page 915
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232 Solid angle (GO

(Steradian)

“Solid angle is a measure of that portion of space about a point bounded by a conic surface whose
vertex is at the point. It can be measured by the ratio of intercepted surface area of a sphere centered on

that point to the square of the sphere’s radius." (IES Lighting handbook, 1981)

Solid angle (Q0) = A/ R2 steradian (2.2)
A =
R =
233 (Luminous Intensity)
Solid Angle

(Luminous Flux)
(candlepower)

(lumen per steradian) (Candela, cd)
(Point source)
1 1
1
1 12.57 1
12.57
Light Source

30E=800cd - WM 30°E=800cd

0'E=1150cd «

2.12 ,



«

% 21
(Candela) 1
(Blackbody) (Platinum)
2.3.4 « (Illuminanace) 1
(lumen per unit of area)
1 ) 1 1
1
(1 foot-candle) 1 (foot-candle)
1 1
1 Lux = 10.76 footcandle ( tu 10 )
235 « (HNlumination)
(Inverse Square Law)
(Lux) (foot-candle)
E = 17 /2 R 0y e e e e n e e (2.3)
E = (Lux) (fc)
| =
(cd)

& da
P - wWUuMi =
URSINTUGAUNT I
1@ 1 ¢d i e
i esa
e
i [t ——"—i
e ~—
NN S

2.13 « « 1cd «



2.3.6 (Luminance)

n (Footlambert)
2.4
(retina) (nerve)
2 (cones)
! (rods)
241 Human Field of View
ar
2N feig "N
/7 -7 teld

214

: Stein Benjamin and Reynolds John

(Cornea)

(iris)

130

— Cent™J

| VIS

«

., PP 929.

(foveai)
on

22

(cd/m2

(lens)

90°

line



2.4.2 Eye Adaptation

Eye Adaptation

(Task)

2.4.3 (Task size)

244 (Time)

(Eye adaptation)

(Glare)

215

, PP 1-11

2.4.5 (Glare)

23



Relationship of brightness 1

eyes adaptation of the viewer

2.5

251

Law

90

28-29 °c

Size of source 1 Position of the object in the view of field 1

30-31 °c
59 90 ( 10)
10,000 lux 99 %

CIE (Commission International de I'Eclairage)

3

(The )

23.50

Cosine

24

The

Cosine



(Solar Altitute), a,

(Solar Azimuth), as

0 180 -180
.
1
(Clear sky)
(Partly and Cloudy sky)
(Overcast sky)
(Slear Sky) (Partly and Cloudy Sky)

10-15



2.6

252

60

2.16

T

500

T T

700

Wavelength, nm
+ D& O

o D5S ors
Ttra goedrd radart ponertitatrfoulot ot dattS:

: Daylighting 1Daylight Sources and Availability

(Latitude and Longitude of the site)

(Day of the year .Julian date)

(Local time)

(Local time)

(Radian)

(Solar time)

26
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ZENfTH

i £
w s S
SUN e —
MERIDIAN
2.17 (11 altitude) (as lazimuth)
: Daylighting 1Daylight Sources and Availability
26.1
(Longitude, ) (Latitude, L)
13 44 1000 0 =
(Latitude) (Hemisphere)
(Hemisphere)
(Longitude) (Meridian ,
Greenwich, U.K) (Latitude)
2.6.2 24
(Solar time)
(Longitude) "l
(Equation of Time) (Equation of time) (Solar Time)
(Clock Time)

- (Elliptical orbit of the earth)

- (Solar declination of the axis)



Equation of time

ET = 0.170 Sin (40U (- 80)/ 373 )-0.129 sin (231 (J- 8)/355) .ccccccviiiiercnnns
ET = (Equation of time) ( 13.30
13.5)
J = (Julian date)
1 365
Time Zone Standard Meridian
Degrees Radians
Atlantic 60 1.05
Eastern 75 1.31
Central 90 1.57
Mountain 105 1.83
Pacific 120 2.09
Yukon 135 2.36
Alaskan-Hawaiian 150 2.62
Bering 165 2.88
21
: Daylighting 1Daylight Sources and Availability
(Prof. Lamm, 1970)
(solar time)
(Standard time) (daylight time)
IS = 1 - L oo
ts = (Standard time in decimal hours)
td = (Daylight time *  decimal hours)
(Solar time) (standard time)
t =ts+ET+(12(SM- L))/

28

(2.9)
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t = (Solar time in decimal hours)

ts = (Standard time in decimal hours)

ET = (Time in decimal hours)

SM = (standard meridian) (rad)
L = (site longitude in rad)

2.6.3 (Solar Position)

(Solar altitude and Solar azimuth) 1

1 (Solar time) (Solar
declination) (Solar declination)
5 = 04093 sin (271 (J- 81 )/ 368 ) ooceeieeieeeieeee e (2.10)

5 = (Solar declination in rad)

J = (Julian date)*fe

1 365
a, = arcsin (sinlsind - cos | cosS coS(7Tt/12))..cccovieeiiiiieeeeiiiiieaennns (2.11)
a = (Solar altitude in rad)

I = (Site latitude in rad)

5 = (Solar declination in rad)
t = (Solar time in decimal hours)
solar altitude 0o 7R
72 (Solar Azimuth)
as = arctan ( - [ cosd sin (TAW12) ] ) (2.9)

-[cos Isin +sin1cos6 cos(71t/12) ]

as = (Solar azimuth in radian)
| = (Site latitude in radian)
6 = (Solar declination in rad)

t = (Solar time in decimal hours)
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(Azimuth)
( )
(2.13)

az = (Solar-elevation azimuth in rad)
as = (Solar azimuth in rad)
ae = (Elevation azimuth in rad)

@, = arCCOS ((COS @,/ COS AZ) 1ivvrvreiiiriiieeiiiiiiieessitiiee e s sieae e e e srrae e e eeae s (2.14)
arccos =
a, = (Incident angle in rad)
a< = (Solar altitude in rad)
., = (Solar-Elevation azimuth in rad)

Profile angle

ap = arctan (SiN @,/ COS 8Z) ..occcvveeeeiiiieiiesiiee e isireee e sirae e (2.12)

3, = arctan (tan @,/ COS 8Z) .ivoivvrvieeiiiieeiesiiiiee e e (2.13)
ap = (Profile angle in rad)
a, = (Solar altitude in rad)
3, = (Incident angle in rad)

az = (Solar-Elevation azimuth in rad)



2.7

Radiation (Short-wave)

271
93,000,000

(Reflection)

wavelength)

1,418
1,325

1993)

2.18

(Solar Radiation)

(Ultra Violet)
290-380

(Vision Light)

(Short Infra-red)

(10'9 )
380-700

700-2,300

Solar Constant

05 (106

(Absorptance)

(Transmits

1,370

; SEPTEMBER
/

31

Solar
(109 )
(109 )
1395 W/M2
10,000

radiant energy at the

(ASHRAE,




32

2.7.2 (Terrain or Longwave Radiation)

(Solar Radiation)

0-150
10
Long wave Infrared Radiation
Solar Radiation 1/160,000
2
(Intensity) (Wavelength)
. ' (Direct Solar Radiation, 1D
429 BTU/H.SQ.FT ( Solar constant)
90
Altitude 30 Solar Radiation
2 Altitude 19 Solar Radiation
3

, (Diffuse Solar Radiation, )

Diffuse

Radiation 10-90

. [ (Reflected Solar Radiation, )

Reflectance

Diffuse Solar Radiation

Diffuse Radiation Reflected Radiation
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. (Total or Global Solar Radiation, IT)
IT = ID+ ld+ BTU/HESOft oo (2.14)
!
14 105
119 (Treado and Gillete, 1983)

2.7.3 Solar Geometry

(Sol air Effect)

274 (The
Relationship between Daylight and Solar Radiation) (Hopkinson, 1966)
. 117 Lumens/Watt
25 90 Lumens/Watt 7.5 25
. Regression Equation
(RAD : BTU/sq.ft.) (ILLUM
FOOTCANDLES)
E = 1048 +31.007 *1 .ooiiiiiiieiieiee e (2.15)
R-Square
0.97 standard error = 9.7 Footcandles

2.8 '
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2.8.2

Ekh

» O W >

10 (0

llluminance)

34

(The sky ratio method)

(Horizontal sky irradiance)
(Global Horizontal Irradiance)
10

Sky ratio method

(Clear) . Sky ratio < 0.3
(Partly Cloudy) : 0.3 < sky ratio < 0.8
(Cloudy) . Sky ratio > 0.8
(The sky cover method)
0
110 )
(Clear) :0-3

(Partly Cloudy) : 4 - 7

(Cloudy) :8-10

EKL= A + Bsinca,

(rad)

(Zenith



K

2.2

Solar Altitude
(Degree)
90
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

(kcd/m2

Bd= A + Bsincal

(Zenith illuminance factor)

(ked/ 2
Clear sky Partly Cloudy sky
ZL « ZL
1.034 0.637
0.825 0.567
0.664 0.501
0.541 0.457
0.445 0.413
0.371 0.375
0.314 0.343
0.269 0.315
0.234 0.292
0.206 0.272
0.185 0.255
0.169 0.241
0.156 0.230
0.148 0.221
0.142 0.214
0.139 0.209
0.139 0.205
0.140 0.202
0.144 0.201

Ekh

(Sky zenith illuminance)

Overcast sky, ZL = 0.409

: Daylighting 1Daylight Sources and Availability

XM

AN

35
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36

Bh Ekv (Differentials)

(Discrete)

LR

LLUASLEACE B Lo

PALTALY BT 20 FOR 47

s & B % & %3 8 2 &8 2 §

@ (clear sky)

] -8
1]
\

8
T
\

RLUMNANCE ¥ KLOUUAX
PARTIFLY BY %0 FOR APPROIOMATE FOOTCANOLES
¥
N\,

() (Partly Cloudy Sky)

2.19
(IES, 984 Heating and Cooling of Building pp. 679

(Sky Condition)



37

29.1 (Clear Sky)
2 (Direct )
(Diffuse llluminance)
(Solar Altiude) (Prof. Kittler, 1981)

(Non Uniform Brightness)

3
(Prof. Hopkinson

and Prof. Moon 11968)

(Nonuniform Luminance)

2.20 Clear Sky

: Mechanical and Electrical Equipment for Building 1pp. 974

La = LZ(L +2SINA) /3 ittt (2.18)

A=0 =12/3
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(Direct llluminance)
(Diffuse llluminance)
\
Eh = 300 + 21,000 SIN A (JUX)..ovivivieieeeeeeeeeseeeeeeeses s e (2.19)
Eh = 1345 + 14,795 SIN A (JUX)..euivieeeeeieieeeeeeeeeeeeeeee st eeeeeeen s (2.20)
300
2,000 ( 1,000 )
Bun positinn e
7 z \

¥ vasiien

i
!‘iear 8!. +%

221 (Bearing Angle)

: Mechanical and Electrical Equipment for Building , pp. 974,977

29.2 (Partly Cloudy Sky)
(Dynamic)
(Partly cloudy sky)
(Clear sky) 10- 15
(Prof. Nakamura and

Prof. Oki , 1983)

1:3 (Horizon to

Zenith)
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A = . (Solar Altitude)

Cloudy

Ratio (The Gillete prediction model, 1985)

Eh = 0.35 EG+0.89 EC oioiioiieeiieeeeeeeeeeeeeeeeeee et (2.23)
EH = ( )
Eg =
Ec =
29.3 (Overcast Sky
CIE Sky) (Scandinavia)

(Non-uniform Brightness Distribution)

(Horizon-Brightness)

(Zenith-Brightness)

3
La = Lz (1+2SINA )3 e (2.24)
La = A (Horizon)
12 = (Zenith)
A=0

La = Lz/3
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t/’ Lz ‘\\
' 25E
g
LZ/3 |EEE| Lz/31

Completely 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 + 21,000 SiN A (JUX) iieeiiiiiieeiieiieeeeniee e (2.25)
Enh = ( )
A =
2.10
2101

Daylight Factor



Daylight Factor
(R.G.Hopkinson, 1996.)

AverDF (%) = F*Cu* Ag * 100 .cooocoooieiiieirereen,
Fir. Area
Ave. DF = Daylight Factor
F = Window Factor
Cu = Coefficient of Utilization
Ag = (sa.ft)
Fr. Area = (sq.ft)
F 1
2.10.2 Daylight Factor Method sky factor
method
(Daylight factor 1 DF)
(Ei)
DFO = (B EE )X 100 .iioiiieeeeeeeeeeeeeeee ettt
DF(%) = 1000 e
( )
DF 2 (Ei)

point) 2 (Ee)

41

split flux

70

(Ee)

(station
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' ] Daylight Factor

(Daylight Factor 1DF)

o ! ' (Sky component, SC)
!
(Clear sky)

(Completely overcast sky)

o ! ' ' (Externally reflected component, ERC)
«
. (Internal reflected component, IRC)
== ez _,._;_,_;::ﬁ LT _.-:(' Y 11}
g 5'0//}'

2.23 ' ' (Daylight Factor)

: Mechanical and Electrical Equipment for Building 1pp. 980

SC = (sky component)
ERC = (Exterior reflective component)
IRC = (Interior reflective component)

(Daylight Factor)

DFO = sco + ERCO + IRCO (2.29)



(Maintenance Factor 1MF)

43

DFO = sc0 + ERCO + [(MF) (IRCO] eooeorerrireriieeneeeeieeeeneeee e (2.30)
1
DF %
1.5-25
2.5-4.0
o
2.3 Daylight Factor
: Millet and Bedrick (1980) Mechanical Electrical Equipment for Building 8 Edition, pp 197
2.10.3 (Heat gain)
1
(Primary load)
2
24
2 (storage heat load calculation)
Heat load Cooling load ASHRAE (American Society of Heating,

Refrigerating and Air-Conditioning Engineers Inc.)

(Cooling load)

Space 3



(Diffuse ray)

*A*ac

Q:

At
Transfer function method

Q= *A*CLTD

211

2111

2.3

E =

COS o =

|/ D2 * COSo

(Direct

(ASHRAE ,1997.)

CLTD

Point Method Zonal Cavity Method

Point by Point Method

(Inverse Square Law)

ray)

Space



[Ty
t ArimidneL e LTI
0 ey gy
| PR amoRL AR W P
3 AN Z
| T .\/Kj

\ / 1\ R
AT S K ST PR i
N /‘}//\/.\(‘ I"P‘\. \})( ‘\ of
Y \/ VD o SR \/ >

O\ LN/
o XK q@z«"»;ﬂ;\xy E

_‘—- %

A

T q :!r:_-’f”, 3 “w aluesnd ;,
e [V} T )
2.24
? , PP-8219%
2.11.2 Zonal Cavity Method
«
E =LA = &
1} 'I (
1]
2
(Coefficient of utilization)
(LLF)
(Room Surface Dirt Depreciation)
(Luminaire Dirt Depreciation)
(Luminaire Surface Depreciation)
. (Lamp Lumen Depreciation) LLD
. (Luminaire Ballast factor) LBF

(Luminaire Ambient Temperature factor)
(Voltage to Luminaire factor)

(Lamp Burnout factor) LBO

) e (2.32)
' )
(Light Loss Factor)
RSDD
LDD
LSD
LAT
VLF



46

LLF = RSDD * LDD * LSD * LLD * LBF * LAT * VLF * LBO ....ccovoiiiiiieiie e (2.33)
RSDD, LDD, LLD
(LBF * LAT * VLF * LBO * LSD) 1

2.32

E = LA*LLF (2.34)
()
(000) Ccu 3
(Zonal Cavity)

. (Ceiling Cavity)
. (Room Cavity)

Working Plane
. (Floor Cavity)

)
flivifiH fl )i
») ) 1
Jtu . )
" )
D' e ») hi.
-l
2.25 Zonal Cavity Method
2539
3 (Cavity Ratio)
3

. (Ceiling Cavity Ratio) CCR
. (Room Cavity Ratio) RCR
. (Floor Cavity Ratio) FCR



a7

() L
CCR = 5hcC (WHL) /' * L et (2.35)
RCR = 5 hrc (WHL) /' L et (2.36)
FCR = 5 hfc (WHL) /' * L i (2.37)
Cu

1 CCR, RCR FCR

2. (pec) (pw) (pfe)

3 eu IES

OME EEES OE

Pe pw pf

Pfc

Cu

2.26 Coefficient of utilization Zonal Cavity Method

2539

E = UA*LLF*eu (2.38)

212

Visual Task Visual Comfort



Local Lighting

IES(USA) IES(BS)

4

Commission on lllumination) CIE

Daylight Factor

24

(x)
CEE ()

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

100- 150-200

300 - 500 - 750
500-750-1000

300 - 500 - 750

150-200-300
300-500-750
200 - 300 - 500

150-200-300

? (Ix)

IES ()

50-75- 100
100- 150-200
100- 150-200

100- 150-200

500-750- 1000
500-750- 1000
200 - 300 - 500
100- 150-200

200 - 300 - 500

200 - 300 - 500

200 - 300 - 500

200 - 300 - 500

Zone

CIE

24

48

(International

2

Daylight Factor

) ()

2 0.6

2 0.6

15 0.5 work plane
15 0.5 work plane
5 25 work plane
5 25 work, plane
2 0.6 work plane
5 15 vertical

5 15 work plane
5 2 work plane
5 25 work plane

CIE IES(USA)

Daylight Factor

(I :

, PP 1-6.

(

() IES. lllumination Engineering Society: Reference Volume, 1983

() BSI Draft for Development p.73,

Applications Manual window Design, PP 31.



2.13 (The Utilize of Daylighting)

(Glare)
2131 2
(Side Lighting) (Top Lighting)
Light
Pipe Light Shelf
Indirect Light
. (Side Lighting)
. (Top Lighting)
(Heat gain) (Glare)
Sawtooth Roof
14 N 8 1
Sawtooth Roof
(Glare).

Overhang, Diffusing Glass Internal Baffles



50

2.27 ' Saw-tooth Roof

: Fuller Moore, PP 97.

Clearstories * Monitors Roof 2

2.28 . Clearstories

: Splified Design of Builcing Lighting, pp &9

Skylight (Horizontal Plane)
(Vertical Plane)

(Glare Control) Diffusing Glazing

Skylight



Shed
Roof Skylight

MONTEBELLO TOWN PLAZA

Barreled Acnylic Dore

Diffusiag Panel /(

2.29 A  kylight
: Daylighting Performance and Design, P&
Light Well (Horizontal) Skylight Penetration
Light Vel Light Well
Wl (Glare)
Diffusing Glass
Skylight
2.30 Light Well
: Daylighting Performence and Design, PP 18
2 (Vertical)
(Horizontal) (Roof Lighting) Skylight, Sawtooth

Monitor Roof



(Discomfort Zone).

2 Saw-tooth
2 Clearstories

Saw-tooth
Monitor Roof

Clearstories  Skylight

2132
of Utilization in Hot Humid Climate)

(Cloudiness Factor)

(Party Cloudy Sky) .

(Direct Sun) 10,000 FC
2,000 FC

(Direct Sunlight)
(Visual Uncomfort)lu

- (North Lighting-South Lighting)

Clearstories

14°N

(Daylight and Problem
(Overcast Sky)

]
(Diffused )

Direct Sunlight



8 4
(Shading Devices)
(Altitude) ~ (
) ' (Altitude) )
(Brightness)
(Hot-Humid Climate)
(Diffuse light)

(Top lighting)
(Sice lighting)
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