(2.44)

qg=Uv XAv X TDeg + Uf X Af XAT + Af X sc X SF

1. ' (Shading Coefficients,sc)
2.
, 3G,
(Effective

Shading Coefficient of External Shading Device)

(Shading Coefficients, sc;
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(6.1)

(shading
fenestration system)

(shading coefficient

coefficient of external

Inia

a i a
nun, e
sc = SCt x sc2
SC =

Coefficient of the
SCi =

of glass)
sc2 =

(effective shading

shading device)

, SCi
6.1

. SCz,

(Shadow Angle)



6.1 ajjiy (sci)*

WIND PRESSURE VISIBLE RAY SOLAR ENERGY RELATIVE HEAT GAIN VALUE
GLASS TYPE THICKNESS ~ WEIGHT ~ IALLOWABLE LOAD! ! WINTER SUMMER
IMM) IKGM2) (KO) REFLECTANCE mVEMTTTANG REFLECTANCE ABSORPTION TFWSMITAJDCE K CAL'VIZHR  BTUIFT2 HR yonymip bR c BTVYI HR °F KcatAi2 MiL'c BTU*2 HR °F
2 5 90 7 91 8 4 8 594 219 5.68 116 502 103
3 7 180 7 90 8 8 88 585 216 5.64 115 502 103
4 10 260 7 89 8 8 84 576 212 5 59 1.14 501 103
5 1 380 7 89 7 11 8 588 209 5 54 113 501 103
CLEAR FLOAT
6 15 440 7 88 7 13 80 559 206 5.50 113 501 103
20 800 7 87 7 17 7 540 199 5.41 111 499 102
1 2 1000 7 85 7 20 73 525 194 532 109 495 101
12 30 1200 7 9% 7 23 70 511 188 5 24 107 492 101
. NErlp K b (xd 1h5 1 L N T R ! 54 113 541 - 1.10
Rt ’ N
i 15 YL o is 39 > .50 113 B ) MO
ot 1S ® W't e 5 I E
5 12 380 5 45 5 46 49 426 157 554 113 537 110
6 15 440 5 39 5 5 43 399 147 5 50 113 538 110
CDOLGRAY 8 20 BOO 4 29 4 62 34 360 133 541 111 5.33 110
FLOAT
10 25 1000 4 2 4 69 2 328 121 532 109 535 110
12 30 1200 4 16 4 75 2 300 111 5 24 107 532 109

ell



HSA

(Horizontal Shadow Angle, HSA)

VSA

SinTs

Oia

tan(VSA)

HSA

14

(Vertical Shadow Angle, VSA)

HSA

= C0Sésino)

sinQz

Ts - T

=90 - 0Z

=tanltta)sec fws

zenith angle

declination

hour angle

surface azimuth angle

VSA
HSA °
6.1 VSA

- (6.2)



VSA

Ts

Tvs

VSA

HSA

HSA

solar azimuth angle

wall-solar azimuth angle

solar altitude angle

vertical shadow angle

horizontal shadow angle

’ VSA HSA

7.00 . 18.00

6.1 VSA HSA

115



Input  Date, Time, Orientation
1. Calculate hour angle, declination,
zenith angle
2. Calculate solar azimuth angle
3. Calculate wall solar azimuth angle,
altitude angle
4, Calculate VSA, HSA

' 6.2 ' VSA HSA
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N 1) & - . se2

. Hto:al
. Hd

Ck f Af eXHt Otai + Af xHd

AfexXrb - 1Afe "Af ) X HJ

Afe =

Af =

Ht Otal

3 mm

Hb
3 mm.



Af Afe + Afs

qs f Af e xHb + Af xHd

“ 31 .,
Af xHt O tai ,
* (Hourly Shading Coefficient, SC)

SC = AfeXHb + AfxHd
Af xHt O tai
= GXH + H
Ht Ota 1
G = Afel/Af
)
18.00
J
JHtotal, 3
mP
2 (G XH + H)
h-7

Effective SC =

118

(6.8)

7.00



VSA HSA

VSA

HSA

01

02

- 7,8,9 28
= 1,2,3 12
Hb , Hd HtOtai , , ‘
,G
lGl
G
G
+
+
|
y
+

119
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G 5C2

(Horizontal Qverhangs)
(Vertical Fins)

(Combination Fins)

Ay
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Af = PCOSO1tan(VSA) + Psin0Qi

= P(COSO1tan(VSA) + sinpi)
Afe - Af - Af3
Afe = 1 - P(COS01tan (VSA) + sin0i)
Af Af

G = 1- Ri(COS0Ltan (VSA) + sin0i) ....(5.10

Gl = w=x [Af Ri = PIAf

G ¥ 0

2 8 »

- llﬁ Als iL A
/4 =,/

A / &

-

Af = jPCOS02 tan (HSA) - PsinGKj

= P COS02tan(HSA) - sin02 j

A6 = Af —Af

Afe 1 - P COS02tan(HSA) - sin02

Af Af

G = 1 - R COS02tan(HSA) - sin(02 __ (6.11)
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Ga = Afe/Af R2 = P/Af

Ga > o

Nl Nl 2

7 N —/ | \—
Gi = 1 - Ri(COSOLtan (VSA) + sinoi)
Ga 1 - R2 tan(HSA)]

Gi ; G2 2

B3 = Gi X G2 .. (6.12)
G3 v 0

G 5C?2



123

1. Polyurethane Foam

2. Polystyrene Foam

3. Fiberglass
4. Rockwool
6.2 ( ,
10 cm. 8
Polyurethane Foam "INSUCRETE"
Polyurethane Foam 2.5 cm,

2.5 ¢m.



(Rock Wool)

(Class Wool)

Polystyrine
Foam

6.2

~n 1
11 1
!
1m vnn
refill /) 1 a
)
T -
fil)
)
!
1
)
{ }
! [ ]

I.byr

!

N«

11

4t

*

144!
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Polystyrene Foam * an I
Polystyrene Foam 16 kg/m3
* 2.5 cm. 5 cm.
Fiberglass Fiberglass
48 kg/m3
2.5 cm. 5cm. Polystyrene Foam
Rockwool Rockwool
80 kg/m3 Rockwool
2.5 cm.
5 cm. Polystyrene Foam

1. Insucrete

2. Polystyrene Foam 2.5
cm. 5 cm.
3. Fiberglass 2.5 cm,
5 cm.
4. Rockwool 2.5 cm,

5 cm.
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6.3 Insucrete
6.3 Insucrete
wim2-¢ +

( Im2) ( Im2)
10 em 2.12 190 0
Insucrete 0.74 299 109
100 em
Polystyrene Foam
2.5 c¢m, 0.91 310 120
10 em

Polystyrene Foam

5 cm. 0.56 345 155
10 em.
Fiberglass 2.5 cm. 0.84 417 227
10 em
Fiberglass 5 cm 0.51 559 369
10 em
Rockwool 2.5 cm 0.84 438 248
10 em.

Rockwool 5 cm. 0.51 601 411
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ATransfer Function)

TDe q I
b 6.4 6.5
, 8
10 cm. Simple Payback simple
Payback
I
Payback in years = Incremental initial cost ....(6.13)
Yearly savings in energy cost
6.6
10 cm. kw-hrs/m?2
1] 1 kw 1 kw 2.00
/ (6.13) Payback
6.7 Payback
Payback
Payback 6.7
Insucrece Payback
Polystyrene Foam Fiberglass Rockwool
Payback
3 Polystyrene Foam, Fiberglass Rockwool

2.5 ¢cm . 1") Payback
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bem (2"
Payback e, 3E,
Payback NV ME N
Payback
10 cm.
10 cm
Polyurethane Foam Polyurethane Foam
Polyurethane Foam
Polyurethane Foam
Insucrete
«
Cellocrete
3
1. Insucrete Polyurethane Foam 2.5
cm. 2
2. Cellocrete | 2

Polystyrene Foam
2.7 cm,
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3. 4.5 ¢cm.

5.8 Simple
Payback Insucrete . Payback
Ceilocrete



6.4

AVERAGE EQUIVALENT TEMPERATURE DIFFERENCE (7.00-18.00 throughout the year)
medium,colored , Indoor Air Temperature = 25

Construction Equivalent Temperature Difference  (6C)
wim2- °c NE E  SE NW N AVG

10 c¢cm. h.w. concrete block 2.72 o 10 10 10 10 10 9 8 9
Insucrete 0.74 o 10 10 10 10 9 8 8 9
10 c¢cm. h.w. concrete block

with 2.5 cm. polystyrene foam 0.91 o 10 10 10 10 10 9 8 9
10 ¢m. h.w. concrete block

with 5 cm. polystyrene foam 0.56 7 8 8 8 8 1 6 6 T
10 ¢cm. h.w. concrete block

with 2.5 cm. fiberglass 0.84 9 10 10 10 10 10 9 8 9

0€7



6.4 ()

AVERAGE EQUIVALENT TEMPERATURE DIFFERENCE (7.00-18.00 throughout the year)
medium colored , Indoor Air Temperature = 25 °c

Construction

10 ¢m. h.w. concrete hlock
with 5 cm. fiberglass

10 cm. h.w. concrete block
with 2.5 cm. rockwool

10 cm. h.w. concrete block
with 5 cm. rockwool

Equivalent Temperature Difference (°c)

wim2-°C NE E SE NW N AVG

0.51 ! 8 8 8 8 1 6 6 1

0.84 9 10 10 10 10 10 9 8 9

0.51 1 8 8 8 8 1 6 6 1



6.5

AVERAGE HEAT GAIN THROUGH WALL
medium colored , Indoor Air Temperature = 25°

Construction AVERAGE HEAT GAIN THROUGH WALL ( /m*)
wim2-°c NE E SE NW N AVG

10 c¢cm. h. . concrete block 2,72 24.48 27.2 27.2 27.2 27.2 27.2 24.48 21.76 25.84
Insucrete 0.74 666 7.4 1.4 7.4 7.4 6.66 592 592 6.845
10 cm. h. . concrete block
with 2.5 cm. polystyrene foam 0.91 8.19 9.1 S 9.1 9.1 9.1 8.19 7.28 8.645
10 cm. h. . concrete block

with 5 ¢m. polystyrene foam 0.56 3.92 4.48 4.48 4,48 448 3.92 3.36 3.36 4.06
10 ¢cm. h. . concrete block

with 2.5 cm. fiberglass 084 756 8.4 8.4 84 8.4 8.4 756 6.72 7.98

¢eT



AVERAGE HEAT GAIN THROUGH WALL

medium colored , Indoor Air Temperature

Construction

10 ¢cm. h.w. concrete block
with 5 cm. fiberglass

10 c¢cm. h.w. concrete block
with 2.5 cm. rockwool

10 ¢m. h.w. concrete block
with 5 cm. rockwool

0.51

0.84

0.51

3.97

1.56

3.57

25 “c

AVERAGE HEAT GAIN THROUGH WALL {W/m2)

E Sk

408 4.08 4.08

8.4 84 84

408 4.08 4.08

4.08

8.4

4.08

\

3.57

8.4

3.57

NW

3.06

1.56

3.06

N

3.06

6.72

3.06

AVG

3.698

7.98

3.698



ANNUAL ENERGY SAVING

Construction

10 cm. h.w. concrete block
Insucrete

10 cm. h.w. concrete block
with 2,5 c¢cm. polystyrene foam
10 cm. h.w. concrete block
with 5 cm. polystyrene foam
10 cm. h.w. concrete block
with 2.5 cm. fiberglass

6.

2.12
0.74

0.91

0.56

0.84

ANNUAL ENERGY SAVING (kw-hrs/m*)

ni-°c N E SE i NW N AVG

56.45 62.73 62.73 62.73 62.73 65.07 56.80 50.18 60.18

51.61 57.34 57.34 57.34 57.34 57.34 51.61 45.87 54.47

65.13 71.98 71.98 71.98 71.98 73.75 66.91 58.29 69.00

53.60 59.56 59.56 59.56 59.56 59.56 53.60 47.65 56.58



6.6 ( )

ANNUAL ENERGY CAVING

Construction ANNUAL ENERGY SAVING (kw-hrs/m2)
w/m2-0c NE E SE NW N AVG

10 ¢cm. h.w. concrete block

with 5 cm. fiberglass 0.51 66.24 73.24 73.24 73.24 73.24 74.86 67.86 59.24 7 .15
10 ¢cm. h.w. concrete bhlock
with 2.5 cm. rockwool 0.84 53.60 59.56 59.56 59.56 59.56 59.56 53.60 47.65 56.58

10 ¢cm. h.w. concrete bhlock
with 5 c¢m. rockwool 0.51 66.24 73.24 73.24 73.24 73.24 74.86 67.86 59.24 70.15

GET



SIMPLE PAYBACK IN YEARS

Construction

w/m?2 -
10 cm. h.w. concrete block 2.72
Insucrete 0.74
10 cm. h.w. concrete block
with 2.5 cm. polystyrene foam 0.91
10 cm. h.w. concrete block
with 5 cm. polystyrene foam 0.56
10 cm. h.w. concrete block
with 2.5 cm. fiberglass 0.84

6.7 SIMPLE PAYBACK

c

SIMPLE PAYBACK IN YEARS

NE E SE N

.9654 8689 18689 .8689 .8689

1.163 1.046 1.046 1.046 1.046

1.190 1.077 1.077 1.077 1.077

2,117 1,906 1.906 1.906 1.906

Vv

8376

1.046

1.051

1.906

W N AVG

.9269 1.086 .9057
1.163 1.308 1.101

1.158 1.330 1.123

2.117 2.382 2.006

9€T



SIMPLE PAYBACK IN YEARS

Construction

10 cm. h.w.
with 5 cm.
10 ¢cm. h.w.

concrete block
fiberglass
concrete block

with 2.5 cm. rockwool

10 ¢cm. h.w.
'with 5 cm.

concrete block
rockwool

6.7 () SIMPLE PAYBACK

SIMPLE PAYBACK IN YEARS

wim2- ¢ NE E SE NW N AVGL

0.51 2.785 2.519 2.519 2.519 2,519 2.465 2.719 3.114 2.630

0.84 2.313 2.082 2.082 2.082 2.082 2.082 2.313 2.602 2.192

0.51 3.102 2.806 2.806 2.806 2.806 2.745 3.028 3.469 2.930



6.8

Roof
Construction
wim2-¢
10 cm. h.w. concrete 3.24
10 ¢cm. h.w. concrete with
insucrete 0.7
10 cm. h.w. concrete with
2.7 ¢m. cellocrete 1.12
10 cm. h.w. concrete with
4.5 cm. stramit board 1.2

AVG,
HEAT
GAIN
W/m2
22.68
4.2
6.72

1.2

ANNUAL ~ INCRE-
ENERGY ~ MENTAL
SAVING COST

kW-hrs/m2 Baht/m2

58.54 139
50.56 138
49.04 160

SIMPLE
PAYBACK
IN' YEARS

1.1871

1.3647

1.6313

8¢€T
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