o o~ W N p

4
2
The American Society of Heating Refrigerating and Air - Conditioning
Engineers (ASHRAE) ASHRAE  55- [4

( Thermal Comfort ) “ !
" ( The conditions of mind that expresses satisfaction with

the thermal environment ) (heat stress)
q (thermal strain)

1p.o. Fanger, Thermal Corrfort : Analysis and Application in Environmental Engineering
(New York : McGraw-Hill, 1970), p.15.
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21

( Sociological Condition )

( Physiological Condition )

( body metabolism )

(Radiation)

2Donald Watson and Kenneth Labs .Climatic design :Energv efficient building principles
and practices (New York :Mcgraw-Hill,1994), p.26.



( Convection )

( Evaporative Heat Transfer )

(Activity Level )

22
(Principles Of Thermal Comfort)

37+ 05°c

(Ah) ™M
(E) (C)
R



MEDICAL SCIENCE

~¢

BIOLOGY

bl

METEOROLOGY

ENVIROMENTAL
TECHNOLOGY

10

2 g
£ ]
% m >
n
2 7 $ .
s 2 N o
? —
(@)
<
w
o
=
=
aH=M-E2CtR =
, T
/
\
w
[y
Zp2
iz
=
o&
o=
L
L —
Cw
=
S~
oy
=S
\
(2]
—
2
w
s
w
.
w
& *
§ & [8)
I Y. 2
& < <
& % 2
< - - 8
g 5 D
-
¥ 3 b % z
X IS S > g
< 2 © =
3 2
o
% J
21

:Victor Olgyay 1Design with Climate : Bioclimatic Approach to Architectural
Regionalism.  ( New York :Van Nostrand Reinhold,1992 )1 p.15.
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= M- k-EX-E, -C-R-ck [ '2 (1)
Ar 12171

KA

Esk=

E:

C =

R =

Ck=

(1)

( Dubois Area,ADJ
Aal = 0.203*( 6)°45*(hb)dld [m2]
b= b=

=

\ Sweat

Exhalation .
Insensible [ Evaporation
perspiration

-

= Convection

Radiation

2.2

: O.H. Koenigsberger.T.G. Ingersol, Alan Meyhew and S.V. Szokolay,
Manual of Tropical Housing and Building . Part one : Climatic Design
(London : Longman group, 1974), p.43.



(Instantaneous  Energy Balance)

0 1
1
1
Deep body
temperature
% 38° L 36°
Convection 39° 35°
Conduction =
Radiation
Shivering Evaporation
Basal - Radiation
metabolism Convection
Activity Conduction
C )

23
: O. H. Koenigsberger ,T.G. Ingersoll Alan Mayhew and s.v. Szokolay 1Ibid., p.43.



Enaineerma. ( New York : McGraw-Hill ,1970 ) ,p.p. 24 -26.

%

15

15

( Metabolic

21

Rate )

km./hr.

3.2

4.0

4.8

km./hr.
1.6
3.2

1.6

3.2

i1

met (1 met=50kcal h'lm 2)

( 37-38

M/ Aau

KCal/ hr. m2

35

40

50

60

100 *

120

130

120
150
145

230

0.07

0.10

0.15

0.19

m./ .

0.9

11

13

0.6

0.9

0.4

0.9

13



21( )

50

(57 .45 ./

M /A cu

kCaI / hr.m2

45-50

55-60

50-60
100
80

55

50
100
160

60

200

125

80-100
80
100-150

80

120-220
230
360
380

150-200

0-0.1

0.2

0.2

0-0.1

0-0.1

0-0.1

0-0.1

0-0.1

14

0.05
0.05
0-0.1

0.2-0.5

0.05

0.5

14

0-0.2
0-0.2

0.2-1

0.2-2

0.5-2

0.5-2
1-3

0.5-2



( Evaporative Heat Loss )

(Latent heat)

24

2.5)

15



EVAPORATIVE HEAT LOSS PER UNIT

MEAN SKIN TEMPERATURE

BODY SURFACE AREA

.C 'F
35 - O- FEMALE - o5
0- MALE 5
" - I
33 A p—
2 - s
31 4 -
30 + -
a -85
29 4 &
28 1 b
27 T gl | T T 3
0 50 100 150 200 keal/h-m2
ACTIVITY LEVEL
(METABOLIC RATE PER UNIT BODY SURFACE AREA)
2.4
: E SOURCE, Air Conditioning Comfort : Behavioral and Cultural Issues.
(Colorado : E SOURCE,1992) p.10.
o~
£
% O- FEMALE
s O-MALE
o 2 D
80
60
40 -
20 4
0 T T T T >
0 50 100 150 200 keal/h-m

ACTIVITY LEVEL
(METABOLIC RATE PER UNIT BODY SURFACE AREA)

25

> Ibid., P.10.

16



( Respiration Heat Loss )

( Dry Heat Loss)

( Convective Heat Loss )

¢ =fcl*hc*ADU (te,-ta) [ /1 -2]
fcl=
0=
tct=
ta=
. 1

( Radiative Heat Loss )

R = 3.96*10'8 1Adu[( ¥ 273)4- ( ,+ 273 )4]

]t =

[ /

17



2t,Fw [ 1]

Fpi = Angle Factor

( Conductive Heat Loss)

(Thermal Resistance of Clothing)

1 cio = 0.155 m2KAN

@

cio

Icl1= 0.82 2 Ic0

18



19

2.2 ()
ASHRAE Handbook of Fundamentals 1997. (Atlanta : The American Society of

Heating, Refrigerating and Air Conditioning Engineers ,1997) 1p.8.8

«l (cio) I°(do) ‘ol

! ! 0.36 1.02 1010 0.34

r 0.57 1.20 1.15 0.36

0.61 121 1.20 0.41
0.96 1.54 1.23
101 1.56 1.28

0.96 1.50 1.32 0.37
! ! 0.54 1.10 1.26
! 0.67 1.22 1.29
1.10 1.59 1.46
0.72 1.30 1.23

0.89 1.46 1.27 0.35



2.3

: Ibid., p.8.9.

U,/cio

0.04
0.03
0.01
0.08
0.16

0.14

0.02
0.03
0.06
0.02
0.02
0.03

0.10

0.12
0.19
0.25
0.17

0.34

0.06
0.08
0.15
0.24
0.30

0.49

« )
«C )
C )
C )
« )
(
(
«C )
« )
«C )
¢ )

20

0.14
0.23
0.33
0.47
0.29
0.23

0.27

0.13
0.22
0.25

0.36

0.36
0.44
0.42
0.45

0.10

0.18
0.20
0.31
0.46
0.42
0.69

0.48
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15

15

Dr. Paul Siple

The

1 ph (88 fpm)

John B.Pierce Foundation 1lYale University

6.1

( 20-30 fpm )

15-23

700 fpm.

1T

RELATIVE wuMuDITY Yo

's Da

3

-
JIiveiag Dagayy

2.6

: Victor Olgyay, Design with Climate, p.20.
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2.7
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ALL
VS S
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\d
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2.7

, 2535, .39.



(

( Regression Analysis )

(°c) = 0381V +0.016 rh3

Vo= ( )
rh = ( )
11, 0.4
1
4
0-50 fpm
50-100 fpm 2.3 F
100-200 fpm 4-5 F
200-300 fpm 5-7F
300 fpm 5-7F
3 mwa NG|
, 2541) .35.

4Victor Olgyay,, Design with Climate : Biocljmatic Approach tQArchitectural RegioQalism, p.20.

23
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(90 -95 F) -
N F
( Emissivity )
Trombe Wall
( )
Fanger
0.5 cio ( 20 fpm 10.1 m/s. )
78 °F 88°F 78°F 68 F
(40 fpm 10.2 m/s. )
10 F 80 F 90 °F 14 F
80 °F 66 °F 1

0.8° F



2.8

(

MEAN RADIANT TEMPERATURE

MEAN RADIANT TEMPERATURE

HADIANT TEMPERATURE

MEAN

4-5 F
20 &0 1? 0? QIO |0I0 -.'
r . Y T =3
G SEDENTARY 7 F
40-. Mikg, 50 scol/nem!  E
: ‘;‘ LIGHT CLOTHING [0
3. - %— L05¢cho E
2170 : E9o
y04- o A S F—.
3 :
1 i A L]
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i Ern
20 Sorees eoadency
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' 3
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7/ . % H !
s YT T T
3 0 13 20 25 30 a3 40 *C
AIR  TEMPERATURE
50 o 70 80 90 190 'Fl'
MEDIUM ACTIVITY ,* |
Mk, #1300 hcolihe ’{l
LIGHT CLOTHING i
H
90
ec
b
+ 60
-3¢
9K G - : T T
3 10 13 2% 23 30 33 40 °*C
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He 80 70 8.0 90 IOP ‘F‘
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Thermal Comfort : Analysis and Application. P.53

25



Goldman

0.6 cio

0.2 cio

= 1cio)

22

Comfortability )

.. 1858

£ ( Frugge )

(Themrdl  Indices )

( 100 - 200 kcal / hr.)

1°F

( Lavoisier )

26

0.1 cio

9° C

(The Principle of

LT

(Max Von Pattenkofer)

.. 1905

(Themrel Scale)

30



21

1 Houghton Yagloub .. 1923

ASHRAE ( American Society of Heating 1Refrigerating and Air - Conditioning

Engineers ) chart
" Equal Comfort Lines “ “ " ( Effective
Temperature ) (
)
100%
2 3

" ( Corrected Effective

Temperature )

3 Resultant Temperature (RT) Missinard
ET
35°
80 %
7. Predicted Four Hour Sweat Rate (P4SR)
28°c
8. Heat Stress Index6é (H | )

5Houghten ,~C. and Yaglou , c.p. , Determining Lines of Egual Comfort Zone,

29.163.361.
6Belding Hs. , Hatch | TE .Index for Evaluating Heat Stress in Terms of Resulting

Physiological Strains. 62:213.



35°

Metabolism
Heat Strain
30 - 80 %

(Thermal Comfort Zone )

9. Victor Olgyay

“ Bioclimatic Chart”

(Comfort Zone) ( Dry Bulb Temperature)

Additional

§

8 B B

dry bulb temperature *F

8

3

( Relative Humidity )

Lines

freazing line o

LY 20 30 40 50 - 60 70 80 S0 00
relative humidity %

91
: Victor Olgyay , Design with Climate : Bioclimatic Approch to

Architectural Regionalism ,p.22
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(heat
stress) Predicted Four Hour Sweat Rate ( McArdle , 1947)
Heat Stress Index ( Belding and Hatch 11956 )
( ) Effective Temperature ( Haughten

and Yaglou , 1923) The Equivalent Temperature (Dufton , 1932) The Equivalent Warmth
( Bedford 11936 )

’

Katathermometer Globe Thermometer

The Directional Thermometer

Bedford
4
van Zuilen Bedford van
Zuilen 16-17 °c.
Webb Equatorial Comfort Index
p.o. Fanger
2 Predicted Mean Vote (PMV ) . Predicted Percentage Dissatisfy ( PPD )7

- p.o. Fanger, Thermal Comfort : Analysis and Application . p.110.
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PMV
PPD Vote
PMV ASHRAE Vote 2 -2
Fanger
2
=0
f(M, , ,ta,rh, t. KEW)=0 @ —mooeeees (1)
Er =0.42{(M-w)/Aa-58.15} [ ] = -—mmmmmemee- (2)
=35.7-0.0275 (M - )/AQ  [°C]  -=-—mmmmmmmemeeeeeen (3)
(1)-(3)
Fanger Comfort Index Predicted Mean Vote (PMV)
7  (seven-points Thermal Sensation Scale )
PMV ( )

( )

PMV = (0.303¢°033W+ 0.028 ) {( M- )- 3.05*10 3[5733- 6.99 (M- )- Pa}
- 042[(M- )-58.15] - 1.7* 10'5M (5867 - pa)-0.0014 M (34- )
- 3.96*10-8 [( ,+273)4( r+273)- , ( ,- )}



Pa= ( Pascal )

PMV

PMV vote -2 +2

M = 46-232 Wm'2 (0.8-4 met)

Il = 0-0.31 2XWX0-2 cio)
Ta =10-30 c
tL= 10-40 C
Va = 0-1 m/s
Pa = 0-2700 Pa
PMV

(college age)

2.3

6-7

1)

22 F

steady state

6° F

31

13° F



2) 66

1
3 18 mm.Hg
20 Hg - ( )
John Franklin Busch
1146
0.24-1.19 cio
0.53 cio 195 °c
J2°c
26°C 275 °c

36° C 205 C
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Probit Analysis
100 -G-8
(= 80 L .
1
§ < 60|
s ¥ i
T
H
v 40 L
= 2 )
g 2 O AIR-CONDITIONED OFFICES
€2 nl o (curvem
O NATURALLY VENTILATED OFFICES
-5 (CURVE AIT) ]
o L L 1 1 ol o ot
20 v} 2% 2% 28 30 k74 3 C
EFFECTIVE TEMPERATURE

(Adjusted for humidity and radiant heat)

2.9
J.F. Busch

: ESOURCE, Air-Conditioning Comfort : Behavioral and Cultural Issues, p.15.

ASHRAE
26.1° -31 C
(Neutral Temperature) 28.5° C
23.5°-28 C 245 °C ASHRAE
Standard ASHRAE

' ASHRAE 261 C

28 C
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(unstructured interview)

, 2541) 355

34



(subjectivivity)

35



1 A A
2.
1
3.
2

(unstructured interview)

(information index)

(interview schedule)

(structured

interview)

36



(check list)

(rating)

37
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20-40

11

2.4)

39



24

367.

o o o o o o

(rating scale)

(Likert scale)

(semantic differntial scale)

1,2,

019
I 20
[ 2
I 2
I 23
024

Osl
os
053
o
0%
0%

40
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(descriptive data)

(tryout)

42



1974) £

(direct observation) ,

2Berdie, D.R. and Anderson J.F. Questionaires : Design and use. (New Jersey : The Scarecrow Press,

g, ! : « . 371.

43



(tracking)

(erosion)

(indirect observation)

(hodometer)

observation)

(Structured  observation)

44

(accretion)

(instrumented observation)

(non-participant
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(participant observation)

?

(unstructured observation)



2.6

(Independent Variable : X)
(Dependent Variable :Y)
(Regression Coefficient)
(Model)
. 1
(Predict) (Estimate)
Sir Francis Galtom
. . 1899
(Correlation - Analysis)
Galtom 2
(Linear Regression Equations)
1 ) ' f( ?:

, 2540) 293.

2Draper, N.R. and H. Smith. Applied Regression Analysis (New York : John Wiley & Sons, 1981) p.6.

46



, (Curvilinear Regression Equations)
i (Parabola or Quadratic Form)
} (Polynomial Form)
- ' (Exponential Form)

26.1 ! (Simple Linear Regression Equation)
' X Y
Y = PO+P,x+S
y = a+ bx
Y =
X =
(37 = L] X
@ = a
(Intercept)

- (Error or Residual)
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# Y =a+bX

. J J - " A
audauuneduehild (Y - Y)

(Y-Y) mbwnuitedngld (¥ - 7)
—Fe—
0 X
211
, SS
( : , 2542) 185.

Y-Y =
(Error of Estimation Unexplained by Regression)
Y-Y =
(Error of Estimation Explained by Regression)
Y-Y = (Total Error of Estimation)

Total variation = Unexplained variation + Explained Variation
(Y-Y)2 = (Y-Y)2+ | (Y-Y)2
SST = SSE + SSR

e Y-Yb-I



2 1 (Y-Y)=0
3 E (0-Y)2
1 e (Normality)
2. e
(Homoskedasticity)
3
i
2.6.2
1
2. STD
(Standard Error of Estimation Y on X)
STD
STD
STD
STD 0
3 R2
Y
R2

1 XY

0

E(e) =0

" (Coeficient of Detemination)

X

49



4. Adjust R Square

5. F-Test

30%
R2

ANOVA

(Y- Y)2

(Y-Y)2 +

50

Re= 0.03
Y
70%
100%
Y
e
Y
e
R2 0o Y
100%
15 )
R

Adjust R Square

Analysis of Variance

(Y-Y)2



Source of Variation df of Square : SS Mean Square : MS
SSR MSR
(Due to regression) 1 E(Y-Y)2 E(Y-Y)2
SSE MSE
(error or résiduel) -2 (Y-Y)2 [ECY -Y)3/(-2
SST MST
(Total) -1 (Y-?)2 [Z (Y -Y)/(n-1)
25 F
f ?
( ; , 2541) 44,
F = SSR/SSE(n-2) = MSR/IMSE
= F daf = (-2
T-Test
t = b-0/ ()
t t (a )df = ( 2)
F t Fo
X a 0
X Y P P ac
2.6.3 (Multiple Regression Analysis)
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X
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() () 1

()

1
R Square
)
4
X
B,>0
oy AL LY B, B
()
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(f)
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Iy Multiple Linear Regression Equations

Y =(VPIHW (W ... +Pa 4S

Y =bOHh,x1 +ty<2+tbX3t......... +bnxn

Y !
X: [ i
P
P i 09)
X 1 Y X I
1 Y b,
[
Partial Regression Coefficient
8 Y Y
e 1
Y X
STD Y X

(Standard Error of Estimation Y on X)  STD

daiiLL" i

STD Y



Adjust R Square

F-Test

R2

ANOVA

(Y-Y)2

54

(Coefficient of Determination)

‘s X
Y X
R2
X
R2= 0.30
Y  30% 70%
r2=1 Y
100%
R2 1 Y
R2 0 Y
R2 0 Y
100%
R2
R2
Adjust R Square

Analysis Variance

(Y=Y)2+ 1 (Y-Y)2
SSE + SR



Ho

Source of Variation

(Due to regression)

(error or résiduel)

(Total)

2.6

T-Test

df Sum of Square
SSR
k (y-yR
SSE
() Z(y-yp
SST
Rl Z(y-yR
F
, 2541) 44,
(SSR/K)/SSE(n-k-1)
F
d = @)
>
1-0/ (1)
t
d = (k)
F t
Y P P

55

Mean Square

MSR
Zy-yRk

MSE

Z(y-y) i)

MST

Z(y-y (1)



(Ratio Scale)

(Nominal Scale)

264

56

(Interval Scale)
(Ordinal  Scale)

2
(Dummy Variable)

Selecting the Best Regression Equation

(R-Square)

R-Square
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R-Square R-Square

R-Square

R-Square

Multicolinearity

(Correlation Coefficient)

1 FORWARD SELECTION

Forward Selection

Ho=@3 =0

2 BACKWARD ELIMINATION
Backward Elimination

Partial FTest Ho:P, /P1,p2...
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3. STEPWISE REGRESSION

2.6.5 (RESIDUAL ANALYSIS)
Y
e
- e (Normaltility) 0
- e (Homoscedasticity)

- Non (Autoregression or

Nonauto Correlation)



(M)

213

()

()

()

Time Series

(M)

)
163.

Auto Correlation
Auto Correlation

a

Durbin-Watson

59



vi2.14

Out Liner

95%
95%
95%
95%
95%

95%

15

30

15

30

27

+

+

+

Residual Plot

-3.2
-2.2
-2.0
-4.5
-2.7

-2.5

60



136.8

196.4

95%

215

14.9

3%

? . 175

Y
(Standard Error of Estimation)
14.9
: 166.6
166.6 + 2(14.9)

61
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