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46054204 : MAJOR : ARCHITECTURE 
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 BANNASITH  CHITTAYASOTHORN : THE UTILIZATION OF NATURAL LIGHTING 

THROUGH  SIDE  BUILDING  LIGHT  PIPE  SYSTEM.  THESIS  ADVISOR  :              

PROF.EMERITUS ORNSIRI PANIN. 116 pp. 

The purpose of this study was to investigate the introduction of light into the building 

coming from the side of the building through the light pipe system.  The factors affecting the 

amount of incoming light were examined so that ways to deal with the effects of these factors 

could be obtained. 

This study was conducted in the real environment which had not been affected from 

the shade of the neighboring environment.  It only investigated the incoming light from the 

side of the building. 

The following five variables were tested to see whether they affected the amount of 

the incoming light. 

1.Direction of the reception of light of the light conduit 

2.Shape of the light pipe 

3.Length of the light pipe 

4.Size of the light pipe 

5.Position where light is measured 

Each variable was tested 3 different ways and each was tested for 3 days.  After that, the 

data were analyzed to find the relationship between the variables and the amount of incoming 

light.

It was found that: 

1. The north is the direction where the amount of incoming light is consistent and this 

is the best direction to bring in light from the side of the building, 

2. With a circular light pipe, the light can come into the building most, 

3. With a shorter light pipe, more light can come into the building than with a longer 

light conduit, but the light from the shorter light pipe is not as consistent as that from the 

longer light conduit, 

4. With a bigger light pipe, more light can come into the building than with a smaller 

light pipe but the light from the bigger light pipe is not as consistent as that from the small light 

pipe,

5. The light which is near the light pipe is brighter than that which is further away.  
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1.1.  (Side Light)

 1 

 : Architectural Lighting Design Software, Lighting System [Online], accessed

9 October 2007. Available from http://www.schorsch.com/kbase/prod/redir/exterior.html

1
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 2 

 : Architectural Lighting Design Software, Lighting System [Online], accessed

9 October 2007. Available from http://www.schorsch.com/kbase/prod/redir/exterior.html 

 3 

 : Architectural Lighting Design Software, Lighting System [Online], accessed

9 October 2007. Available from http://www.schorsch.com/kbase/prod/redir/exterior.html 

 4 

 : Architectural Lighting Design Software, Lighting System [Online], accessed

9 October 2007. Available from http://www.schorsch.com/kbase/prod/redir/exterior.html 
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 5 

 : California Institute for Energy Efficiency, Integrated Envelope and Lighting Systems [Online], 

accessed 9 October 2007. Available from

http://windows.lbl.gov/comm_perf/daylight/esl302.html

1.2.  (Top Light)

(Skylight)  (Light Pipe)

 6 

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 9 October 2007. 

Available from http://new.daylighting.com/passive.asp 
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 7 

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 9 October 2007. 

Available from http://new.daylighting.com/passive.asp 
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 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 9 October 2007. 

Available from http://new.daylighting.com/passive.asp 

 9 

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 9 October 2007. 

Available from http://new.daylighting.com/passive.asp 
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Available from http://new.daylighting.com/passive.asp 
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Available from http://new.daylighting.com/passive.asp 
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 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 9 October 2007. 

Available from http://new.daylighting.com/passive.asp 
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 17 

: Sunpipe co.,inc., Residential Applications [Online], accessed 9 October 2007. Available from 

http://www.sunpipe.com/20.htm 
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 18 

: Sunpipe co.,inc., Residential Applications [Online], accessed 9 October 2007. Available from 

http://www.sunpipe.com/20.htm 

-

 19 

: Sunpipe co.,inc., Residential Applications [Online], accessed 9 October 2007. Available from 

http://www.sunpipe.com/20.htm 
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: Sunpipe co.,inc., Residential Applications [Online], accessed 9 October 2007. Available from 

http://www.sunpipe.com/20.htm 

 21 

 : Sunpipe co.,inc., Residential Applications [Online], accessed 9 October 2007. 

Available from http://www.sunpipe.com/20.htm 
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 22 

 : California Institute for Energy Efficiency, Integrated Envelope and Lighting Systems [Online], 

accessed 9 October 2007. Available from

http://windows.lbl.gov/comm_perf/daylight/esl302.html

2.

        2.1.

        2.2.

        2.3.

        2.4.

        2.5.

        2.6.
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3.

        3.1.

        3.2.

        3.3.  80 

        3.4.

4.

        4.1.

        4.2.

               4.2.1.

               4.2.2.

               4.2.3.
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        4.3.

        4.4.

        4.5.

5.

        5.1.

        5.2.

        5.3.



 2 

 3 x 10
8
 m/s 

 23 

 : ,

 (  : 

, 2547), 3. 

15



16

 (Maxwell’s equation)  (refraction) 

 (reflection)  (diffraction)  (interference) 

 (particle) 

 24 

 : ,

 (  : 

, 2547), 4. 

1.

        1.1.

 0.38 – 0.77 m



17

 International Commission 

Illumination (Centre International d’ Eclairage, CIE) 

 1  CIE (Murdoch, 1985) 

 : ,

 (  : 

, 2547), 5. 

        1.2. 

                1.2.1.  (flux) 

 (J/s  Watt) 

 (luminous flux) 

 (lumen)  (radiant flux) 

683 lumen  =  1 W  555 



18

                1.2.2.  (luminance) 

 1 

(steradian)

 25  (luminance) 

 : ,

 (  : 

, 2547), 6. 

L  = _____d
2

E____

       dA cos d

 L      =   (cd/m
2
)

E   =  (W) 

    =  (steradian) 

A      =  (m
2
)

      =
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 lumen/sr-m
2

 Candela/m
2

 10 – 12 kCd/m
2

 20 – 50 kCd/m
2

                1.2.3.  (illuminance) 

 lumen/m
2

 (lux)

 26  (illuminance) 

 : ,

 (  : 

, 2547), 7. 

E  =  __d E_

       dA

 E      =   (lux) 

E   =  (W) 

A      =  (m
2
)

  1.2.4. Luminous exitance 



20

 27  luminous exitance 

 : ,

 (  : 

, 2547), 7. 

M  =  __d E_

       dA

 M      =  Luminous exitance (lux) 

E   =  (W) 

A      =  (m
2
)

 1.2.5. Luminous intensity 

 28  luminouse intensity 

 : ,

 (  : 

, 2547), 8. 
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IE  =  __d E_

       d

 IE      =  Luminous intensity (lumen/steradian) 

E   =  (W) 

    =  (steradian) 

 Luminous intensity  lumen/steradian 

        1.3.  (daylight) 

                1.3.1.

 0.38 – 

0.77 m

 2  (Iqbal, 1983) 

 : ,

 (  : 

, 2547), 9. 
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(aerosol)  (absorb)  (scatter) 

 (diffuse radiation)  (direct 

radiation)  (global radiation) 

 (ozone) 

(air mass) 

 3  (Iqbal, 1983) 

 : ,

 (  : 

, 2547), 10. 
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 4  (Iqbal, 1983) 

 : ,

 (  : 

, 2547), 10. 

 5  (Iqbal, 1983) 

 : ,

 (  : 

, 2547), 11. 



24

 (daylight)  (direct light) 

 (diffuse light) 

 (scattering) 

 29  (direct light)  (diffuse 

light)

 : ,

 (  : 

, 2547), 12. 

                1.3.2.

       1.Direct Illuminance  Diffuse Illuminance 

       Illuminance 

 direct illuminance  beam  illuminance 



25

 diffuse illuminance 

 global illuminance

 30  direct illuminance  diffuse 

illuminnance

 : ,

 (  : 

, 2547), 12. 

        2.sky luminance

 sky luminance 

 31 

 sky luminance 

 : ,

 (  : 

, 2547), 13. 
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 (angular distance) 

 (Kittler, 1967) 

2.

       2.1.  (Daylighting) 

 2  (Direct sun) 

 (Diffuse illuminance) 

 (Tropical 

zone)

(Jirattananon and Chaiwiwatworakul, 2001: A-3) 

 – 

6.00 – 18.00 .
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 1 . . 2001 

Hourty mean values of diffuse illuminance (Klux) by calendar month (Solar time ) Month

6.00

.

7.00

.

8.00

.

9.00

.

10.00

.

11.00

.

12.00

.

13.00

.

14.00

.

15.00

.

16.00

.

17.00

.

18.00

.

JAN 0.00   0.00 13.75 25.71 35.07 35.18 45.42 51.46 41.77 39.07 27.05 15.06 0.00 

FEB 0.00 3.01 16.18 28.97 37.23 44.41 47.28 48.71 43.43 37.54 29.77 15.87 3.40 

MAR 0.00 6.82 19.74 30.40 39.67 42.50 41.98 44.74 40.92 39.86 28.73 19.23 5.24 

APR 0.00 11.43 20.96 31.02 35.52 35.48 38.92 41.80 41.16 37.98 27.12 16.53 5.66 

MAY 0.00 12.46 26.98 39.38 49.31 54.23 52.30 44.84 41.94 30.47 25.47 17.54 6.99 

JUN 0.00 13.47 24.10 36.10 42.77 48.27 46.57 44.91 46.39 40.24 30.46 18.80 7.14 

JUL 0.00 12.01 23.32 34.36 43.17 48.07 47.25 47.66 45.33 38.49 30.80 21.78 7.62 

 : , “

” (

, 2548), 15. 

 1  (lux) . .

2001

 : , “

” (

, 2548), 15. 

SEP 0.00 10.42 22.23 31.06 43.77 43.98 48.48 47.04 42.25 35.19 25.91 14.82 3.95 

OCT 0.00 10.31 23.53 32.02 37.70 41.56 48.90 43.12 35.00 31.32 23.52 10.22 0.00 

NOV 0.00 7.36 17.51 26.11 33.44 37.94 38.28 35.75 34.18 28.34 21.22 11.30 0.00 

DEC 0.00 4.75 14.35 20.30 24.76 32.53 33.32 33.03 31.65 26.49 19.47 9.24 0.00 



28

       2.2.  (Sky Condition) 

 3

 (Clear sky)  (Party cloudy sky) 

 (Overcast sky) 

               2.2.1.  (Clear sky) 

 2 

 (Direct sun)  (Diffuse illuminance) 

 (Solar 

Altitude)  (Non Uniform 

Brightness)

 3 

 2 

 : , “

” (

, 2548), 16.



29

LA  =  LZ (1 + 2 sin A) 3 

 LA  =   A 

 LZ  =  

 A = 0  3LZ 

 (Direct Sun 

illuminance)  (Diffuse Sun illuminance) 

Eh  =  300 + 21,000 sin A (lux) 

 Eh  =  

Eh  =  1,345 + 14,795 sin A (lux) 

 Eh  =  

 300  2,000  (  1,000 )



30

 3 

 : , “

” (

, 2548), 17. 

               2.2.2.  (Party cloudy sky) 

 (Dynamic)       (Party 

cloudy sky)  (Clear sky) 

10 – 15 % 

EHP  =  570 A 

 EHP  =  

 A     =   (Solar Altitude) 



31

 (Cloud Ratio) 

EH  =  0.35 Es + 0.89 Ec 

 EH  =  

 Es        =   

 Ec        =  

               2.2.3.  (Overcast sky) 

 (Overcast sky) 

 (Horizon-Brightness) 

(Zenith-Brightness)

 3 

LA  =  LZ (1 + 2 sin A) / 3 

 LA  =  A 

 LZ  =  (Zenith) 



32

 A = 0 

 LA  =  LZ / 3 

 32  Overcast Sky 

 : , “

” (

, 2544), 37. 

 (Uniform-Brightness) 

 (Uniform sky) 

 (Zenith) 

(Horizon-Brightness)

EH  =  300 + 21,000 sin A (lux) 

 EH  =



33

 A    =  

3.

       3.1. 

 2 

               3.1.1.  (Absolute Illuminance) 

 (fc) 

 (lux) 

               3.1.2. 

 (Relative Illuminance)  (Overcast sky) 

 (%) 

 3 

 Lumen Method, Daylight Factor Method  Flux Transfer Method 

 Daylight Factor Method 

       Daylight Factor Method 

 (Altitude Azimuth)   

 3 

       1.  (Sky component, SC) 

 (Clear sky) 



34

 (completely overcast sky) 

       2.  (Externally Reflected Component, ERC) 

       3.  (Internally Reflected Component, IRC) 

 SC  ERC 

 ERC 

 Daylight Factor (DF) 

DF (%)  =  (Ei) x 100 %

(Ee )

 DF  10 %  10 

%

 33  Daylight Factor (SC)  (ERC) 

 (IRC) 

 : , “

” (

, 2548), 21. 

 IES (USA), IES (BA) 
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 CIE (International Commission on Illumination) 

 3  2 

 2  CIE  IES (USA) 

 (a) CIE  (lux) IES (lux)  (b) 

20 – 30 – 50 

50 – 75 – 100 

100 – 150 – 200 

200 – 300 – 500 

300 – 500 – 750 

500 – 750 – 1000 

750 – 1000 – 1500 

1000 – 1500 – 2000 

 2000 

20 – 30 – 50 

50 – 75 – 100 

100 – 150 – 200 

200 – 300 – 500 

500 – 750 – 1000 

1000 – 1500 – 2000 

2000 – 3000 – 5000 

5000 – 7500 – 10000 

Public spaces with dark 

surrounding 

Simple orientation for shot 

temporary visits 

Working space where visual 

tasks are only occasionally 

performed

Performance of visual tasks of 

high contrast or large size 

Performance of visual tasks of 

medium contrast or small size 

Performance of visual tasks or 

very small size 

Performance of visual tasks of 

low contrast and very small size, 

Prolonged period 

Performance of very prolonged 

and exacting visual tasks 



36

 2 ( )

 (a) CIE  (lux) IES (lux)  (b) 

   

10000 up Performance of very special 

visual tasks of extremely low 

contrast and small size 

 : , “

” (

, 2548), 22. 

 Daylight Factor 

(%)

 3  CIE  IES (USA) 

 Daylight Factor 

 Daylight Factor (%)

(c)(lux)

 CIE 

(a)

 (lux) 

 IES 

(b)

-

50 – 100 – 150 

100 – 150 – 200 

100 – 150 – 200 

100 – 150 - 200 

50 – 75 – 100 

100 – 150 – 200 

100 – 150 – 200 

100 – 150 - 200 

2.0

2.0

1.5

1.5

0.6

0.6

0.5

0.5

Work plane 

Work plane 

, 300 – 500 – 750 

500 – 750 – 1000 

300 – 500 - 750 

500 – 750 – 1000 

500 – 750 – 1000 

200 – 300 – 500 

100 – 150 - 200 

5.0

5.0

2.0

2.5

2.5

0.6

Work plane 

Work plane 

Work plane 
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 3 ( )

 Daylight Factor (%)

(c)(lux)

 CIE 

(a)

 (lux) 

 IES 

(b)

200 – 300 - 500 200 – 300 - 500 5.0 2.0 Work plane 

150 – 200 -300 200 – 300 - 500 5.0 2.5 Work plane 

 : , “

” (

, 2548), 23. 

       3.2. 

2  (side lighting) 

(top lighting) 

 (side lighting) 

 (SC) 

(ERC)  (IRC) 

 (  SC )

 2-3 



38

       3.3. 

 3 

 3 

       1.  (Light shelves) 

 2/3  (  1–2 )

 34 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 70. 



39

 35 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 70. 

       2.  (Reflective louvres) 

 (Light shelves) 

       3.  (Prismatic glazing) 

 Prismatic glazing 

 1/3 



40

       4.  (Light pipe system)  3 

,

 1 

 36 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 72. 



41

 37 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 72. 

       5.Laser cut panels 

 2 

  3 

 38  (a) , 

 (b) 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 74. 



42

 39 

 : András Majoros, Daylighting (Queensland : University of Queensland 

Printery,1998), 74. 

4.

       4.1. Skylighting and Retail Sales : George Loisos, Pacific Gas and Electric 

Company California 

               1.

               2.

               3.

               4.



43

 40 

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 20 October 2004. 

Available from http://www.daylighting.com/articles.asp 

 6  1 ( )

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 20 October 2004. 

Available from http://www.daylighting.com/articles.asp 



44

 1 

 7  1  ( )

 : Natural lighting co.,inc., Passive Daylighting [Online], accessed 20 October 2004. 

Available from http://www.daylighting.com/articles.asp 

        4.2. Whitehed.L.A, 1989. 

 4 

 1  7.6x30.5 

 807 

75  15 % 

 7.0x7.0 



45

 41 

 42 

 : , “ ” (

, 2542), 

33.

 3 .

 3 .  3 .



46

 43 

 : , “ ” (

, 2542), 

33.

 75 

 30 % 



47

       4.3. Hien VD., 1998:4 

 1 

 44 

 : , “ ” (

, 2542), 

35.



48

 45 

 : , “ ” (

, 2542), 

36.

 46 

 : , “ ” (

, 2542), 

36.



49

 16 

 2,6,10  14 

 2x1 

 1.5x1 

 47 

 : , “ ” (

, 2542), 

37.

1.5 X 1 .

2 X 1 .

(

 2,6,10,14) 
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 90 % 

 1  10 

 6 % 

 1  3 



 3 

1.

(Ecliptic)

-

 15

 4 

 ( )

( )

21- . . 90 270 76

27- . . 76 284 90

20- . . 70 290 84

22- . . 67 293 81

20- . . 69 291 83

16- . . 76 284 90

23- . . 90 270 76

20- . . 100 260 66

20 – . . 110 250 56
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22- . . 113 247 52

20- . . 110 250 56

20- . . 101 259 67

 : ,  [ ],  9  2550. 
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(Summer Solstice)  67  293 

       4.  22 

 (Winter Solstice)  113  247 " "
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       2.1.

               1.  (Lux Meter)  Testo 545 

 5 - 100,000 

 51  (Lux Meter)  Testo 545
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               2.  LI-1400 

 52  LI-1400

               3.

 53  LI-1400

               4.

 54  SONY  Cyber shot P-8 
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               1.2.2  3 

 1  5  1.20 

 2  5  x 5  1.20 

 3  5  x 5  1.20 

 63  1.20 

 64  1.20 
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               1.3.4.

               1.3.5.

 S.D.      =      

_
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n       =
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4.2.

               4.2.1. 

LI-1400  3 

    

 68 
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 5  (  )  1 

. . 2548 

/ / . .

  1 2 3 4 5

1/9/2005 14:15 0.0008 0.0007 0.0007 0.0011 0.0009

1/9/2005 14:20 0.0008 0.0008 0.0007 0.0012 0.0009

1/9/2005 14:25 0.0008 0.0008 0.0007 0.0011 0.0010

1/9/2005 14:30 0.0009 0.0008 0.0008 0.0012 0.0010

1/9/2005 14:35 0.0009 0.0008 0.0008 0.0012 0.0010

1/9/2005 14:40 0.0009 0.0008 0.0008 0.0012 0.0010

1/9/2005 14:45 0.0008 0.0007 0.0007 0.0012 0.0010

0.0008 0.0008 0.0007 0.0012 0.0010

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

0.0014

1 2 3 4 5

(lux)

 7  (  )  1 

. . 2548 
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 1   0.0008  

 2   0.0008  

 3   0.0007  

 4   0.0012  

 5   0.0010  

 1,2  3 

 1,2  3 

               4.2.2. 

 5  120  (4 )

 Testo 545 

 30 

 Testo 545

 69 
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 1 

 6  (  ) 

 17 . . 2548 

/ / . .  (lux) 

17/08/2548 10:00 58 43 60 73

10:30 58 39 57 62

11:00 55 39 48 54

11:30 56 34 41 48

12:00 54 33 37 41

12:30 53 33 36 37

13:00 71 31 58 37

13:30 75 34 77 45

14:00 50 37 97 54

14:30 50 35 105 54

15:00 61 52 150 100

15:30 54 41 150 102

16:00 50 42 168 105

57.3077 37.9231 83.3846 62.4615

8.24 5.74 46.6 24.8
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 8  (  ) 

 17 . . 2548 

   57.31  

   37.92  

  83.38  

   62.46  

 83.38 

 37.92 

 16:00 .  168 

 13:00 .  31 

 5.74 

 46.6 
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  2 

 7  (  ) 

 19 . . 2548 

/ / . .  (lux) 

19/08/2548 10:00 50 41 60 54

10:30 25 32 26 21

11:00 46 35 45 41

11:30 50 38 53 46

12:00 28 32 27 27

12:30 42 31 45 42

13:00 50 36 51 44

13:30 45 38 47 43

14:00 30 40 61 54

14:30 42 37 55 51

15:00 35 35 44 39

15:30 30 26 25 30

16:00 30 33 24 37

38.6923 34.9231 43.3077 40.6923

3.46 4.11 13.23 10.05
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      (LUX)

 9  (  ) 

 19 . . 2548 

   38.69  

   34.92  

  43.31  

   40.69  

 43.31

 34.92

 10:00 .  60 

 10:30 .  21 

 3.46 

 13.23 
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  3

 8  (  ) 

 22 . . 2548 

/ / . .  (lux) 

22/08/2548 10:00 46 29 55 53

10:30 41 37 46 52

11:00 50 39 52 47

11:30 50 33 47 43

12:00 55 41 47 43

12:30 50 43 44 43

13:00 46 44 45 44

13:30 42 39 40 40

14:00 43 36 41 38

14:30 46 33 92 58

15:00 44 32 107 77

15:30 38 29 114 97

16:00 32 27 102 109

44.8462 35.5385 64.0000 57.2308

5.94 5.53 28.24 22.83
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 22 . . 2548 

    44.84  

    35.54  

   64.00  

    57.23  

 64.00 

 35.54

 15:30 .  114 

 16:00 .  27 

 5.53 

 28.24 
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               4.2.3. 

 95%  3 

(  LI-1400) 

 1  5 

 120 

     

 70 

 2  5  x 5 

 120 
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 71 

 3  5  x 5 

 120 

 72 
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 15  3 

     

 73 

 1 

 9  (  ) 

 15 . . 2548 

/ / . .

(k.lux) 

  

15/09/2548  10:00 0.0021 0.0018 0.0013 80.8840

10:15 0.0021 0.0017 0.0012 76.7740

10:30 0.0024 0.0020 0.0014 96.2860

10:45 0.0024 0.0021 0.0014 109.4000

11:00 0.0023 0.0019 0.0014 113.6100

11:15 0.0024 0.0021 0.0015 100.4000

11:30 0.0022 0.0019 0.0014 66.1590

11:45 0.0021 0.0018 0.0013 42.4640

12:00 0.0025 0.0022 0.0015 82.2890

12:15 0.0021 0.0019 0.0014 45.2600
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 9 ( )

/ / . .

(k.lux) 

  

15/09/2548 12:30 0.0027 0.0025 0.0017 61.6060

12:45 0.0021 0.0019 0.0014 43.6660

13:00 0.0017 0.0014 0.0011 46.4990

13:15 0.0012 0.0011 0.0008 26.0630

13:30 0.0016 0.0014 0.0010 32.9990

13:45 0.0018 0.0015 0.0011 33.7350

14:00 0.0016 0.0015 0.0011 35.5590

14:15 0.0024 0.0021 0.0015 70.2440

14:30 0.0018 0.0016 0.0012 51.6010

14:45 0.0018 0.0016 0.0011 47.5630

15:00 0.0021 0.0019 0.0014 90.4320

15:15 0.0021 0.0019 0.0014 87.8830

15:30 0.0019 0.0017 0.0012 58.6410

15:45 0.0017 0.0015 0.0011 54.4520

16:00 0.0014 0.0012 0.0009 46.9020

0.0020 0.0018 0.0013 64.0548

0.00037 0.00034 0.00021   
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 11  (  ) 
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    0.0020  

  0.0018  

     0.0013  

   64.054  

 0.0020 

 0.0013 

 12:30 .  0.0027 

 13:30 .

00.0008

0.00021

 0.00037

 2 

 10  (  ) 

16 . . 2548 

/ / . . (K.LUX)

  

16/09/2548  10:00 0.0018 0.0016 0.0011 101.2800

10:15 0.0021 0.0018 0.0013 112.1800

10:30 0.0018 0.0015 0.0011 42.2690

10:45 0.0020 0.0018 0.0012 108.4400

11:00 0.0020 0.0018 0.0012 110.5200

11:15 0.0019 0.0016 0.0011 42.1750

11:30 0.0019 0.0016 0.0012 47.2740

11:45 0.0020 0.0018 0.0012 44.3520

12:00 0.0025 0.0023 0.0016 133.5400

12:15 0.0026 0.0024 0.0016 127.3200

12:30 0.0024 0.0022 0.0015 126.0000
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 10 ( )

/ / . . (K.LUX)

  

16/09/2548 12:45 0.0020 0.0017 0.0012 43.2420

13:00 0.0033 0.0030 0.0020 127.9200

13:15 0.0034 0.0032 0.0020 127.5300

13:30 0.0033 0.0031 0.0019 120.6600

13:45 0.0017 0.0014 0.0010 35.3980

14:00 0.0017 0.0014 0.0009 36.6990

14:15 0.0022 0.0019 0.0013 103.8600

14:30 0.0020 0.0018 0.0012 89.4960

14:45 0.0018 0.0015 0.0011 70.2180

15:00 0.0022 0.0020 0.0014 93.6060

15:15 0.0023 0.0021 0.0014 87.8830

15:30 0.0023 0.0021 0.0014 71.6750

15:45 0.0019 0.0017 0.0012 45.9000

16:00 0.0020 0.0017 0.0012 35.3790

0.0022 0.0020 0.0013 83.3926

0.00048 0.00051 0.00029   
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    0.0022  

  0.0020  

  0.0013  

   83.393  

 0.0022 

 0.0013 

 13:15 .  0.0034 

 13:30 .

00.0010

0.00029

 0.00051 

 3 

 11  (  ) 

19 . . 2548 

/ / . . (K.LUX)

  

19/09/2548  10:00 0.0023 0.0022 0.0015 12.7090

10:15 0.0018 0.0016 0.0012 33.8450

10:30 0.0016 0.0014 0.0010 27.9700

10:45 0.0017 0.0016 0.0012 42.4640

11:00 0.0016 0.0015 0.0010 34.3130

11:15 0.0017 0.0015 0.0010 37.0190

11:30 0.0017 0.0016 0.0011 43.6500

11:45 0.0026 0.0025 0.0018 77.7630

12:00 0.0025 0.0024 0.0017 64.7280

12:15 0.0029 0.0028 0.0020 106.9300

12:30 0.0026 0.0025 0.0018 82.2110
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 11 ( )

/ / . . (K.LUX)

  

 19/09/2548 12:45 0.0023 0.0021 0.0014 51.4940

13:00 0.0025 0.0023 0.0017 55.9350

13:15 0.0022 0.0020 0.0014 35.9750

13:30 0.0028 0.0028 0.0020 98.8100

13:45 0.0026 0.0024 0.0018 107.5500

14:00 0.0021 0.0019 0.0013 34.6820

14:15 0.0017 0.0015 0.0011 28.3970

14:30 0.0017 0.0014 0.0010 18.2090

14:45 0.0018 0.0016 0.0011 35.1400

15:00 0.0018 0.0016 0.0011 37.0160

15:15 0.0022 0.0021 0.0015 76.4620

15:30 0.0018 0.0017 0.0012 38.9050

15:45 0.0019 0.0017 0.0013 53.4890

16:00 0.0009 0.0007 0.0005 14.3090

0.0021 0.0019 0.0013 49.9990

0.00048 0.00051 0.00037   
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    0.0021  

  0.0019  

  0.0013  

   49.999  

 0.0021 

 0.0013 

 12:15 .  0.0029 

 16:00 .

00.0005

0.00037

 0.00051 

               4.2.4. 

 95%  3 

(  LI-1400) 

 1  5  60 

 74  60 
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 2  5  90 

 75  90 

 3  5  120 

 76  120 

 77 

 15  3 
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 1 

 12  (  ) 

17 . . 2548 

/ / . .  (k.lux) 

120 . . 90 . . 60 . .   

17/10/2548 10:15 0.0017 0.0036 0.0127 93.9450

10:30 0.0014 0.0031 0.0107 39.8750

10:45 0.0016 0.0037 0.0136 86.8940

11:00 0.0021 0.0048 0.0177 101.8300

11:15 0.0022 0.0048 0.0181 118.0600

11:30 0.0022 0.0047 0.0174 113.8000

11:45 0.0019 0.0043 0.0157 85.2030

12:00 0.0018 0.0042 0.0154 54.0880

12:15 0.0016 0.0039 0.0143 36.0660

12:30 0.0022 0.0049 0.0185 101.6500

12:45 0.0024 0.0053 0.0198 106.7400

13:00 0.0023 0.0049 0.0179 107.6600

13:15 0.0015 0.0036 0.0129 38.2360

13:30 0.0013 0.0033 0.0115 17.6620

13:45 0.0014 0.0033 0.0127 24.6400

14:00 0.0018 0.0038 0.0139 73.7040

14:15 0.0010 0.0023 0.0087 16.6040

14:30 0.0008 0.0017 0.0064 20.1420

14:45 0.0006 0.0014 0.0049 8.1405

15:00 0.0005 0.0012 0.0042 12.6910

15:15 0.0005 0.0011 0.0040 11.8610

15:30 0.0004 0.0008 0.0026 3.8572

15:45 0.0003 0.0007 0.0022 3.0923

16:00 0.0003 0.0006 0.0020 2.6630

0.0014 0.0032 0.0116 53.2960

0.0007 0.0015 0.0058   
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 ( K.LUX )

120 . .

90 . .

60 . .

 14  (  ) 

17 . . 2548 

 120 .   0.0014  

 90 .   0.0032  

 60 .   0.0116  

   53.2960 

 60 .  0.0116

 120 .  0.0014 

 60 .  12:45 .

 0.0198 

 120 .  15:45 .  16:00 .

 0.0003 

 120 .  0.0007 

 60 .  0.0058 
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 2 

 13  (  ) 

18 . . 2548 

/ / . .  (k.lux) 

120 . . 90 . . 60 . .   

18/10/2548 10:15 0.0015 0.0039 0.0139 78.0490

10:30 0.0015 0.0039 0.0137 32.6060

10:45 0.0014 0.0036 0.0124 38.0590

11:00 0.0014 0.0034 0.0112 37.7340

11:15 0.0016 0.0039 0.0139 87.3890

11:30 0.0017 0.0042 0.0149 101.2000

11:45 0.0017 0.0041 0.0143 94.3610

12:00 0.0018 0.0045 0.0162 97.6650

12:15 0.0019 0.0048 0.0170 102.4500

12:30 0.0013 0.0033 0.0114 32.9160

12:45 0.0016 0.0038 0.0127 44.9770

13:00 0.0015 0.0037 0.0127 56.3770

13:15 0.0018 0.0044 0.0152 79.4280

13:30 0.0013 0.0031 0.0108 38.1680

13:45 0.0019 0.0047 0.0163 85.1510

14:00 0.0016 0.0041 0.0148 76.0450

14:15 0.0014 0.0036 0.0133 39.1620

14:30 0.0017 0.0041 0.0146 75.0310

14:45 0.0011 0.0029 0.0104 12.4070

15:00 0.0011 0.0029 0.0109 22.2930

15:15 0.0011 0.0027 0.0097 23.5340

15:30 0.0011 0.0028 0.0101 20.1440

15:45 0.0011 0.0027 0.0098 21.3780

16:00 0.0006 0.0015 0.0053 5.4317

0.0014 0.0036 0.0127 54.2482

0.0003 0.0008 0.0027   



91

0.0000

0.0020

0.0040

0.0060

0.0080

0.0100

0.0120

0.0140

0.0160

0.0180

1
0
:1

5

1
1
:0

0

1
1
:4

5

1
2
:3

0

1
3
:1

5

1
4
:0

0

1
4
:4

5

1
5
:3

0

 ( K.LUX )

120 . .

90 . .

60 . .

 15  (  ) 

18 . . 2548 

 120 .   0.0014  

 90 .   0.0036  

 60 .   0.0127  

   54.2482 

 60 .  0.0127

 120 .  0.0014 

 60 .  12:15 .

 0.0170 

 120 . 16:00 .

 0.0006 

 120 .  0.0003 

 60 .  0.0027
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 3 

 14  (  ) 

19 . . 2548 

/ / . .  (k.lux) 

120 . . 90 . . 60 . .   

19/10/2548 10:15 0.0014 0.0035 0.0128 69.9840

10:30 0.0015 0.0038 0.0138 74.2500

10:45 0.0016 0.0040 0.0143 82.0550

11:00 0.0016 0.0041 0.0147 84.4490

11:15 0.0016 0.0040 0.0141 78.7250

11:30 0.0017 0.0043 0.0156 89.5220

11:45 0.0018 0.0046 0.0167 93.2420

12:00 0.0014 0.0038 0.0145 79.2450

12:15 0.0014 0.0038 0.0141 69.4890

12:30 0.0017 0.0042 0.0152 45.3800

12:45 0.0013 0.0034 0.0126 31.5920

13:00 0.0019 0.0047 0.0171 91.3430

13:15 0.0013 0.0033 0.0114 27.5980

13:30 0.0013 0.0034 0.0124 35.3610

13:45 0.0018 0.0045 0.0165 73.8080

14:00 0.0019 0.0045 0.0164 70.4780

14:15 0.0017 0.0042 0.0152 51.5250

14:30 0.0015 0.0040 0.0148 39.0660

14:45 0.0012 0.0031 0.0112 32.9650

15:00 0.0011 0.0028 0.0103 17.0480

15:15 0.0011 0.0029 0.0106 22.5690

15:30 0.0010 0.0024 0.0086 14.5430

15:45 0.0011 0.0028 0.0106 22.7850

16:00 0.0015 0.0039 0.0141 51.6840

0.0015 0.0038 0.0137 56.1961

0.0003 0.0007 0.0022   
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 ( K.LUX )

120 . .

90 . .

60 . .

 16  (  ) 

19 . . 2548 

 120 .   0.0015  

 90 .   0.0038  

 60 .   0.0137  

   56.1961 

 60 .  0.0137

 120 .  0.0015 

 60 .  13:00 .

 0.0171 

 120 . 15:00 ., 15:15 .  15:45 .

 0.0011 

 120 .  0.0003 

 60 .  0.0022
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               4.2.5. 

 90  3 

 95%  3 

(  LI-1400) 

 1  5 

 2  10 

 3  15 

 78 

 79

 15  3 



95

 1 

 15  (  ) 

1 . . 2548 

/ / . .  (k.lux) 

5 10 15   

1/11/2548 10:15 0.0040 0.0384 0.1209 56.2210

10:30 0.0045 0.0426 0.1338 67.8500

10:45 0.0049 0.0471 0.1490 82.5500

11:00 0.0051 0.0488 0.1553 85.6190

11:15 0.0052 0.0484 0.1554 84.1630

11:30 0.0059 0.0547 0.1749 90.5630

11:45 0.0052 0.0476 0.1509 67.9540

12:00 0.0046 0.0411 0.1288 48.5120

12:15 0.0053 0.0485 0.1536 77.6580

12:30 0.0043 0.0386 0.1225 45.0080

12:45 0.0057 0.0523 0.1658 89.1580

13:00 0.0048 0.0433 0.1381 58.3540

13:15 0.0057 0.0531 0.1688 82.1070

13:30 0.0055 0.0516 0.1635 70.0100

13:45 0.0042 0.0388 0.1226 39.8100

14:00 0.0045 0.0422 0.1336 50.4140

14:15 0.0040 0.0375 0.1182 40.1480

14:30 0.0034 0.0326 0.1021 34.6640

14:45 0.0027 0.0260 0.0807 23.2870

15:00 0.0025 0.0235 0.0740 21.1690

15:15 0.0036 0.0323 0.1033 39.8200

15:30 0.0039 0.0345 0.1115 26.5260

15:45 0.0041 0.0358 0.1157 18.3440

16:00 0.0038 0.0333 0.1075 16.7410

0.0045 0.0414 0.1313 54.8604

0.0009 0.0085 0.0273   
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 2 

 16  (  ) 

2 . . 2548 

/ / . .  (k.lux) 

5 10 15   

2/11/2548 10:15 0.0038 0.0341 0.1058 40.0570

10:30 0.0055 0.0534 0.1671 93.2420

10:45 0.0059 0.0559 0.1755 102.1100

11:00 0.0049 0.0428 0.1293 44.7530

11:15 0.0050 0.0469 0.1460 99.5640

11:30 0.0049 0.0458 0.1424 100.8400

11:45 0.0047 0.0427 0.1303 75.1610

12:00 0.0050 0.0473 0.1469 103.9100

12:15 0.0050 0.0429 0.1363 94.5170

12:30 0.0042 0.0403 0.1312 88.2470

12:45 0.0035 0.0304 0.0929 27.5170

13:00 0.0049 0.0458 0.1427 93.8670

13:15 0.0050 0.0464 0.1449 92.7740

13:30 0.0035 0.0306 0.0947 24.0230

13:45 0.0035 0.0309 0.0960 27.7230

14:00 0.0050 0.0477 0.1499 77.7370

14:15 0.0045 0.0389 0.1166 34.0990

14:30 0.0050 0.0453 0.1422 67.0440

14:45 0.0049 0.0441 0.1382 65.6130

15:00 0.0046 0.0414 0.1305 58.9530

15:15 0.0036 0.0306 0.0938 28.4620

15:30 0.0027 0.0226 0.0709 16.9420

15:45 0.0035 0.0312 0.0988 21.2710

16:00 0.0031 0.0260 0.0821 16.3510

0.0044 0.0402 0.1252 62.2824

0.0008 0.0087 0.0274   



98

0.0000

0.0500

0.1000

0.1500

0.2000

1
0
:1

5

1
1
:0

0

1
1
:4

5

1
2
:3

0

1
3
:1

5

1
4
:0

0

1
4
:4

5

1
5
:3

0

(K.LUX)

5

10

15

 18  (  ) 

2 . . 2548 

 5    0.0044  

 10    0.0402  

 15    0.1252  

  62.282  

 15  0.1252

 5  0.0044 

 15  10:45 .  0.1755 

 5  16:00 .  0.0031 

 5  0.0008 

 15  0.0274



99

 3 

 17  (  ) 

7 . . 2548 

/ / . .  (k.lux) 

5 10 15   

7/11/2548 10:15 0.0052 0.0516 0.1644 66.4450

10:30 0.0054 0.0511 0.1607 79.4800

10:45 0.0049 0.0437 0.1357 74.8750

11:00 0.0044 0.0406 0.1266 89.4180

11:15 0.0041 0.0368 0.1160 69.2290

11:30 0.0041 0.0379 0.1205 91.8890

11:45 0.0051 0.0458 0.1441 95.4280

12:00 0.0052 0.0476 0.1488 83.4340

12:15 0.0047 0.0442 0.1433 70.6340

12:30 0.0033 0.0291 0.0895 21.3050

12:45 0.0023 0.0192 0.0604 9.5402

13:00 0.0026 0.0233 0.0725 22.8030

13:15 0.0048 0.0442 0.1361 41.1470

13:30 0.0038 0.0350 0.1077 24.5590

13:45 0.0039 0.0336 0.1051 30.1450

14:00 0.0036 0.0335 0.1056 25.4200

14:15 0.0044 0.0415 0.1318 45.6010

14:30 0.0034 0.0313 0.0976 29.3720

14:45 0.0037 0.0323 0.0993 24.4400

15:00 0.0028 0.0260 0.0808 17.2570

15:15 0.0025 0.0233 0.0714 10.9320

15:30 0.0014 0.0133 0.0421 6.1172

15:45 0.0007 0.0066 0.0209 5.6364

16:00 0.0008 0.0069 0.0218 6.2007

0.0036 0.0333 0.1043 43.3878

0.0012 0.0123 0.0405   
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 1 

 18  (  ) 

17 . . 2549 

/ / . .  (k.lux) 

30 . . 15 . . 0 . .

17/2/2006 10:15 . 0.0789 0.0483 0.0130

10:30 . 0.0918 0.0563 0.0164

10:45 . 0.1105 0.0679 0.0207

11:00 . 0.0806 0.0497 0.0134

11:15 . 0.1001 0.0619 0.0198

11:30 . 0.1004 0.0624 0.0200

11:45 . 0.0910 0.0556 0.0183

12:00 . 0.0980 0.0611 0.0200

12:15 . 0.0729 0.0451 0.0129

12:30 . 0.0917 0.0574 0.0188

12:45 . 0.0951 0.0594 0.0198

13:00 . 0.0802 0.0496 0.0140

13:15 . 0.0994 0.0619 0.0200

13:30 . 0.0840 0.0528 0.0178

13:45 . 0.0610 0.0378 0.0108

14:00 . 0.0691 0.0435 0.0132

14:15 . 0.0651 0.0408 0.0121

14:30 . 0.0582 0.0367 0.0111

14:45 . 0.0656 0.0414 0.0132

15:00 . 0.0698 0.0438 0.0144

15:15 . 0.0657 0.0412 0.0135

15:30 . 0.0621 0.0390 0.0126

15:45 . 0.0596 0.0374 0.0121

16:00 . 0.0556 0.0348 0.0112

0.0794 0.0494 0.0154

0.0164 0.0099 0.0035



103

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

1
0
:1

5
 

.

1
1
:0

0
 

.

1
1
:4

5
 

.

1
2
:3

0
 

.

1
3
:1

5
 

.

1
4
:0

0
 

.

1
4
:4

5
 

.

1
5
:3

0
 

.

(K.LUX)

30 . .

15 . .

0 . .

 20  (  ) 

17 . . 2549 

 30 .   0.0794  

 15 .   0.0494  

  0.0154  

 30 .  0.0794

 0.0154

 30 .  10:45 .

 0.1105 

15:45 .

 0.0108 

 0.0035 

 30 .  0.0164



104

 2 

 19  (  ) 

23 . . 2549 

/ / . . (k.lux) 

30 . . 15 . . 0 . .   

23/2/2006 10:00 . 0.0642 0.0381 0.0127 64.2110

10:30 . 0.0614 0.0365 0.0122 66.6820

10:45 . 0.0708 0.0421 0.0141 73.7450

11:00 . 0.0597 0.0363 0.0111 38.2400

11:15 . 0.0645 0.0392 0.0125 38.7470

11:30 . 0.0848 0.0509 0.0165 82.9570

11:45 . 0.0818 0.0495 0.0157 71.3820

12:00 . 0.0690 0.0416 0.0131 55.9400

12:15 . 0.0606 0.0377 0.0109 29.1090

12:30 . 0.0761 0.0459 0.0148 72.3490

12:45 . 0.0332 0.0204 0.0060 13.6560

13:00 . 0.0548 0.0332 0.0105 43.3900

13:15 . 0.0675 0.0411 0.0127 49.4090

13:30 . 0.0515 0.0310 0.0102 39.7350

13:45 . 0.0666 0.0402 0.0130 67.5680

14:00 . 0.0797 0.0479 0.0161 79.2770

14:15 . 0.0727 0.0440 0.0145 62.6540

14:30 . 0.0753 0.0455 0.0148 63.8620

14:45 . 0.0728 0.0441 0.0142 55.0270

15:00 . 0.0704 0.0426 0.0139 55.8330

15:15 . 0.0714 0.0432 0.0139 56.4230

15:30 . 0.0462 0.0280 0.0088 29.1190

15:45 . 0.0418 0.0251 0.0080 29.2590

16:00 . 0.0427 0.0260 0.0081 28.9150

0.0642 0.0388 0.0124 52.8120

0.0133 0.008 0.0027   
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 3 

 20  (  ) 

24 . . 2549 

/ / . . (k.lux) 

30 . . 15 . . 0 . .   

24/2/2006 10:00 . 0.0670 0.0406 0.0120 40.0950

10:15 . 0.0652 0.0402 0.0112 29.0930

10:30 . 0.0856 0.0509 0.0160 102.5900

10:45 . 0.0746 0.0446 0.0140 101.0800

11:00 . 0.0692 0.0408 0.0136 119.7500

11:15 . 0.0695 0.0410 0.0137 94.5040

11:30 . 0.0696 0.0411 0.0139 119.0800

11:45 . 0.0680 0.0402 0.0136 102.1300

12:00 . 0.0695 0.0412 0.0140 116.2300

12:15 . 0.0678 0.0403 0.0138 110.9700

12:30 . 0.0692 0.0412 0.0143 114.3200

12:45 . 0.0702 0.0418 0.0144 111.8500

13:00 . 0.0718 0.0427 0.0147 104.3600

13:15 . 0.0716 0.0430 0.0147 101.6700

13:30 . 0.0696 0.0418 0.0142 101.7300

13:45 . 0.0698 0.0419 0.0142 101.8600

14:00 . 0.0681 0.0409 0.0138 88.2470

14:15 . 0.0689 0.0414 0.0138 91.7920

14:30 . 0.0686 0.0412 0.0137 90.3150

14:45 . 0.0665 0.0401 0.0132 89.2140

15:00 . 0.0660 0.0398 0.0132 84.3260

15:15 . 0.0508 0.0307 0.0098 55.7790

15:30 . 0.0537 0.0322 0.0101 71.6500

15:45 . 0.0550 0.0333 0.0109 41.4080

16:00 . 0.0529 0.0320 0.0104 16.9160

0.0671 0.0402 0.0132 88.0384

0.0075 0.0043 0.0016   
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