g = [(F-WWR)xUwxTDeq + WWRXUFXAT + WWRXSCxSF]Ao

g/Ao = (FWWR)xUwxTDeq + WWRXUFXAT + WWRXSCXSF

h = (I-WWR)xUvxTDeq + WWRXUFXAT + WWRXSCXSF
1

N-S-E-W X



2

Q = N +ags + 4w
Q = MNex T hsCX + iEcy + hwcy
= (hN+hs)ex + (hE+hw)cy ...(5.1)
|
Xy = A (5.2)
A
Lagrange Multipliers (8)
( A
(5.1) (5.2) (5.1)
Objective Function X y WAR
(5.2) Constraint

Minimize @ = f(X,y) = (hN+hs)ex + (hE+hwicy  ....(D.3)



subject to (x,y) =xy - A =0 . (5.4)
I Lagrange Multipliers Q

Q- — (5.9)
Xy - A =0 (5.6)
a = Lagrange Multiplier = Constant

(5.9)
X
(IN+hs)c - Ay = 0
Ay = wens ) e (5.7)
Y
(hE +hw )C - /:Ax = 0
Ax = (hE+hw)c ...(5.8)
(5.7) (5.8)
XIy = (hE+hw )/ (N +hs ) L (5.9)
Xy , R,

! Q*1

(53)" ' (5.9) Xyt



I Q

Q*

X*

R*

X*

X*

s A (RE +hw )/ (AN +hs ) (5.10)
VA (N +hs )/ (hE +hw ) L(5.11)
GV (AN +hs ) (hE +hw )/ A L(5.12)
2¢IA (IN +hs ) (hE +hw ) . (5.13)
y* (5.10) (5.11) I

Q*

(5.13)
NE-SW-SE-NW
X NE,
se, W re, X, Y 0

(hseshn )1 (wE+hs ) _(5.14)
[a(hse+hn )/ (hNE+hs ) _(5.15)
ya (hNE+hsw)/ (hs E-raN ) __(5.16)
cy(eE+hs ) (hse+n ) /A _(5.17)
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Q* = 2cVA(NNE+hs ) (hst-t-hs'w) _(5.18)

Constrained

Optimization ‘ Unconstrained
Optimization '
xly = R _(5.19)
Xy = A _(5.20)
‘ N-S-E-W X y
‘ A R (5.3 ‘
Minimize

Q: 0N +hS)CR1 oa1 2+ (hE+hW)CR-1/2A1 2(521)

! R*l

1Q =0 . (5.22)
iR



20
dR2

it =
dR

96

> 0 o (5.23)

(5.21) (5.22)

i {hN +hs )cA1/2R-1/2 - IUIE+hwlcAMZR-3'2
2 2

=0

R* =

d20
dR2

(hE+hw )/ (hN+hs )

-1 (hN+hs )cAl/2R-3/2 + 3(hE +hw )cAl/2R-s/2

4 4

(5.23)

-1 (hN+hs )CAL1t2R-3+2 + 3 (hE +hw)cAl/2R-3/2 > 0

4

4
- (N+hs ) + 3(hE+hw)/R > 0
3(E+hw) —R > O
(AN +hs )

3(hE+hw) - (hE+hw) > 0
(AN +hs ) (hN +hs )



97

K 51 2(he+hw) > 0 _ (5.24-)
‘Q;\;r_,/f/ (hx +hs )
(5.24) Q R=R*
o
Q@ = 2cJA(iN+hs ) (hE+Hw)
R Q
NE-SW-SE-NW
Constraint A, A
Q* Q*
A Sensitivity Coefficient, sc
SC = 9f*

Qa

Sensitivity Coefficient, SC,
Lagrange Multiplier,

SC = A

Sensitivity Coefficient, SC,
A Q*



10 ¢cm.

10

3.5 m.

98

cm.
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' 1 sq.m.
, N-S-E-W NE-SW-SE-NW WAR
1) WWR 0 % 100
WAR 3 20 %, 40 %
60%, 30 % 100 %
2) WAR 1 2
WR ‘ WAR
0 % 100 %
R¥, O SC
WWR N-S-E-W NE-SW-SE-NW
1 o, 5.1 WR
R* Q SC WWR
h 5.1
R* O sC
(5.9)

(5.14)



(%

20
40
60
60
100

21.76
39.898
58.036
16.174
94,312
112.45

5.1

»

AVERAGE HEAT GAIN PER UNIT AREA OF ENVELOPE

hs

21.2

51.642

76.084
100.526
124,968
149.41

HEAT GAIN PER UNIT WALL AREA (/ *)

It

21.2
49.266
11.332
93.398
115.464
137.53

w

21.2

52.17

17.14
102.11
127.08
152.05

liNe

24.48
43.526
62.572
61.618
100.664
119.711

hs

21.2

53.226

19.252
105.278
131.304
157.33

hs E

21.2
50.718
74.236
97.7%
121.272
144.79

N

24.48
45.242
66.004
66.766
107.528
128.29

007
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N-S-E-W re = (he +hw )/ (AN +hs )
I ' NE-SW-SE-NW re = (hseTIN 5, (BN crre
R* = xe ly*
- 1 7
1 X
__ (5.29)
R¥ ,
A,
1 h, h
WWR WAR
h WAR h
( )
R* WHR gl
iRy 1
, R*, an WAR
|
1 WAR 4
N-S-E-W
1.4:1 1:1.1 WAR
1.1:1
NE-SW-SE-NW 1.2:1 1:1.3
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1:1
2. WAR 3 b
WAR 3 4 WAR
, N-S-E-W a
2.1:1 1:1.6 , , NE-SW-SE-NW
1.9:1 1:1.8
3 WAR ‘
WR ,
N-S-E-W , 5.9:1 1:4.8
, NE-SW-SE-NW , 5.3:1 1:5.4
4, WAR 3
WAR , N-S-E-W
, =T g 1 ,
NE-SW-SE-NW , s o 1:3.5
5.2
! (5'25)
R | ! X
y WAR
4 ‘ 6 N-S-E-W
. R*, 1.1:1



NE

5.2

N-S-E-W

NE-SW-SE-NW

WR 4
WR 3
WR 2
WR 1

R*
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N
1 NE-SW-SE-NW
1:1
SE
WAR
, R*
, R,
, R,
WAR
4
= N
E
- NE
SE NW
N-S-E-W__ NE-SW-SE-NW
1.1:1 1:1

1.4:1 - 1:1.1 1.2:1 - 1:1.3
2.1:1 - 1:1.6 1.9:1 - 1:1.8
5.9:1 - 1:4.8 5.3:1 - 1:5.4
3.7:1 - 1:3.2 3.3:1 - 1:3.5
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WWR N, 3 WWR
60 % E, (WAR = 0%)
N
E 1:3 .2 0 E
Nl
20 %
' -, 2522
N|
an
WAR 4
WWR 3 | ,
i WWR WIR
WAR
1:1 1:2
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maiVvl a"

1
A,
(Total floor Area, TA)
A,
. TA,
WAR
R* |
¢ (5.21)
N-S-E-W
Q= [(nn+hs ) R I+ (ne+hw JR"1/2]cnAlL/ 2
+ UTDggwaavnsaiun1nenas (5.26)
nA = TA
= 1,23
C = 3.5 in

A = (Floor Area)
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TA = ' (Total floor Area)
’ NE-SW-SE-NW
Q = [(hNE+hs )R1/z + (hSE+hN )R- 172]cnAl 2
+ UrTDeq A . (5.27)
nA = TA ....(5.28)
= 1,23
R = R A = TA/n (5.26)
(5.27)
N-S-E-W
Q = 2c/TAn(hN +hs ) (hE+hw ) + UrTDeq TA/n _(5.29)
= 1,2,3....
NE-SW-SE-NW
Q= 20VTAn (Ne+hs ) {hs=+N ) + UrTDeq TA/n ....(5.30)

= 1,2,3

(5.29) (5.30)
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'S .
A
A,
A Q (5.29)
(5.30) A
Q
(Trial) CTA,
WAR Q =1,2,3
Q
Q 5.3
Q N\ A,
WAR 60 %
, TA, 25,000 sq.m.
E , ===t
. A 8333.33 sq.m. 3
| 20

(Floor

Area) ( )
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FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY
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OPTIMUM SHAPE OF BUILDING
ORIENTATION OF BUILDING

N-S-E-W

WALL CONSTRUCTION

NORTH FACADE
CONSTRUCTION

SOUTH FACADE
CONSTRUCTION

EAST FACADE
CONSTRUCTION

WEST FACADE
CONSTRUCTION

10 cm. h.w. concrete block

Uy =272 wim"2 welght =1 kg/m2
window-wall ratlo =60 % sc = .

10 cm. h.w. concrete block
Uv=2.72 wim'2-c W€I9h 177 kg/m'2
window-wail ratio =60 % sc = .66

10 cm, h.w. concrete block
=272 [I2C el%ht = 177 kg/
window-wall ratio = 60 % sc =

10 c¢cm, h.w. concrete bIocx
Uv = 2.72 wim'2-c Welg ht = 177 kg/m'2
window-wall ratio = 60 A) sc = .66

FLOOR AREA = 25000 sq.m. HEIGHT =

OPTIMUM SHAPE OF BUILDING
N OROGSIDE | EQR SIDE)

= 110644 1
AVERAGE HEAT GAIN éexcluded roof% = 205716.1 V

SENSITIVITY COEFFI

IENT = 4.114325
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1
«

5.3

sg.m.

TOTAL FLOCR _AREA = 25000
NUMBER CF STOREY = 20

CPTIMUM FCRM GF BUILDING

T GAIN ()

HEA

—AON OO OO —AON<ITF OO N M 1D O <TToo MM <~
~—<ton 100D AN ——1AON OO MM ONILOMLOCNILO D
AN<FTLOOD DO LONN O —NHLOO<TOO <O O
N~ —<tLOMN GO ONLOCO O MILO OO —MLOCOOON <
—r—LOLOLOLOLO WO OO~~~ F—00 00NN HSH SO

OO
OO ODLOOOODOLOHOOD

N©o

S&
)

oo, - - -
OO Mooo©O— N~ ONMMLOWANOOOLO D
TOLOMLOOO 7%70 N~ OO MN00O O -0 LD
—JL O AIOO AL AN~ LO N OO N — O LO<TMON A
LL N ocooLO<trononAaNIAN AN N v~ v~~~

aoNO LOLO—OoO<Ir—om ONOLO<TOO T O

LOOH —
LOoLoo-NoNo
— OO oo~ IO OMLOIOSOTLO

sq.m.

Il ONsA—A1H OO —OLOLO<H <t <O OD O OO AN

LOLON=—OD <t M —0nD©o T OLOOHSO AN o

—LO O AILOY N 1M (O DDLOTITOIOWO I D
A DO —LO<TF MO AN 0N OC0COHS. D
~— OO < SY OO —ALO NI OM I ~F— 00— r—OWO
LO OO 1M <t - O AT 1O O NIO0O NI OO
OLOALOO<FTOO—ALO O —<T O NI O~
AN LOLOLO O OO~~~ ~—IM— 000000 O

CPTIMUM NUVBRR F ST

TOTAL HEAT GAIN = 545
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