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4B AREMSEEOMIR L LCCO2, LCC. mEFEIEY & DIKE

4-1 Background and Purpose

CO2 emission and other environmental load continue to increase every year, due to
industries in advanced countries and rapid urbanization in developing countries. Under
such consideration, it demands both urban planning and buildings to develop hardware
and software technology which can reduce environmental loads. CO2 emission from
building occupies about 23%" in all industries, and construction and demolition waste
accounts for 20% of all industrial wastes, and it accounts for more than 70% of all
illegal dumping® in Japan. And, percentage of CO2 emission from houses is more than
other kinds of buildings®. Therefore, decreasing environmental loads from houses will
be effective to reduce that of building construction, and especially detached houses
occupy most portions of houses, so, decreasing environmental loads from each detached
house will be most effective to total loads from houses.

On the other hand, lots of researchers have made efforts to apply ways of
construction methods or materials reducing LCCO2, LCC or LCW. In fact, LCCOg2,
LCC and LCW are depended onkbuilding shapes, materials and construction methods,
etc. Furthermore, building shape is determinant of amount of materials and volume size.
Consequently, shape is the most important factor for reducing LCCO2, LCC and LCW.
This is the reason why we proposed a simple cube as a model for shape study of
detached house reducing LCCO2, LCW and LCC. '

4-2 Current Syudies

There aré papycrsiryoh LCC and LCCO2 as follows: Ishizuka (1985)", Hyun et al.
(1995), Takakusagi (1997)%, Sakai et al.(1996)". They studied existing building for
calculating o'r_ seafChi ‘way to reduce LCC or LCCO2 rationally.

There are researches in which relationship of traditional housing shape and solar and
climate was made clear by K Kimura; et al. (1993)®, and, on collective housing shape,
influence of k Shgpe on chs't“” b1d1ng elements was made clear by I. Tsukagoshi, et al.
(1968)9 ) and cost accorfdlngi ‘exterior wall and roof shape in multi-storied office
building was made clear by F. Shima, et al. (1968)'”. We have developed a system for
x Is and construction method with GA, and have found
onstruction method which reduce LCCO2, LCC, and

et al. 1999)'Y, (Yada et al. 1998)'?, (Munemoto et al.
‘based ona standard model with one or two stories and




(Munmemoto et al. 2002)", we used “the standard building model” (Udagawa 1985)'¥,
the model has 2 stories.

4-3 Study System Construction
4-3-1.Model construction

In order to find optimized shape for reducing LCCO2, LCC and LCW, we use a cubic
model as research object, and define the building specifications of model are shown in
Tablel. Housing materials, constructions and floor area are fixed in this paper, their
information is shown in Table2. a
4-3-2. Coordinate construction

We suppose a coordinate of research is shown as Fig.1.
We define geometrical center of cube is coordinate fixed origin. pS, pE, pN, pW, PT, pD
are vertexes name of each center of square surface, which are used to modify housing
shape: pS is center vertex of southern square surface, pE is center vertex of eastern

square surface, and so on. All vertexes above except pD are permitted to move along

axis in their domain (Table3), the domain is so big that we can clarify influence of
amount of wall and roof area on LCCO2, LCC and LCW. |

Table 1

Structure and floor
Building area
Total floor area
Direction

Timber frame, 1floor
36m*(6mx6m)

36m?

North-south direction

Table 2. Information of materials

Parts

detail of parts -

Thickness
name (m)

Fig.1. Coordinate of research

framework

framework

wooden

wall

wall frame

external wall finish
external wall substratum
wall insulator .
inner wall substratum
inner wall finish

lwooden 0.1

mortar 0.03
plywood - 0.01

. |rockwool 0.03

lumber 0.05
plasterboard  0.012

type of window
sash

monolayer 0.149

floor frame
floor finish

Jfloor substratum

floor insulator

aluminum

'wooden

plywood board 0.022
lumber 0.04
rock wool 0.03

ceiling frame
ceiling finish -
ceiling substratum

Tumber
plasterboard  0.012
lumber 0.04

roof kframe

* lroof finish

roof substratum

roof insulator

wooden
mortar 0.012
lumber 0.012

rock wool 0.045




Table 3. Vertex Name

Vertex

Name ] : .
pS | Center point of southern surface of model [ (00 ,-90,00 ),(00 ,-05,00)]
pE " | Center point of eastern surface of model = | [ (0.5%,0.0 ;0.0 ),(9.0 ,00°,00 )]
pN | Center point of northem surface of model [ €00 ,05,00 ),(00 ,90 ,00 )]
pW | Center point of westhem surface of model [ (0,00 ,00 ),(-05,00 ,0.0 )]
pT | Center point of top surface of model [ (00,00 ,05),(00,00 ,90)]
pD | Center point of floor of model - - , , 3

Definition o Changing coordinate domain

4-3-3. Data and genes definition
Data and genes are deﬁned according to research flow (Fig.2). Three objects are

operated in system:

1). Shape factors information ;
2). Materials and building construction information

Roof Shape
(change)

1)Shape factors ' Wall Shape
information , (change)

-Plan Shape
(fixed)

Material kind
(fxed)

2)Material and‘
building construction
method information

Thickness of ’
material(fixed)

Genes selection -

Objects of genetic operation

Building system
kind(fixed)

3)Inf01mation of window area proportion

Evaluation function (LCCOz, LCC, LCW )

~Load of f?ﬁndation and transpoftation(ﬁxed)

 Fig.2. Flow of evaluation

3). Information o rea proportion.

Materials and building constructlons information are unchanged and we have defined
them in Table2. L ned according to Fig3, a disassembled model of
detached house. The mod “Was divided into 6 parts, such as foundation, ﬂoor wall,




building frame, ceiling, and roof. Each part has its sub members. And climate condition

(the temperature of out-door, condition of sunlight.) and azimuth coefficient of Tokyo

are also used in this paper. Furthermore, we define operation of an air-condition is

24hours turn-on. Distance from factory of materials to site is 100km. Distance from site

to processing plant of building waste is 50km.

Shape factors information and information of window area proportion are served as

genes and used to operate by GA, and they were defined as Table4. The chromosomes

of research is shown as Fig.4.

Roof finish

Roof substrata

Roof insulation .

Roof truss

ceiling hanger -

ceiling substrata

ceiling finish

building frame

external wall finish

roof

eiling

~N

external wall substr.

ata

insulation

wall

inner wall substrata

inner wall finish

floor substrata

floor insulation

floor structure

foundation

Fig.3. Constitution of member of model

Table 4. Genes list

Vertex Name

Gene code

pS
PE
pN

pW
pT

vect[0]

vect[1]

vect[2]

vect[3]

veqt[4]

Measure of window

floor

Information of window area proportion

Form factors information

2

Parameter

" Fig 4. Chromosome of research




4-3-4 Special definitions
In order to make clear influence of amount of wall and roof area on LCCO2, LCC and
LCW from detached house, we define wall and roof area can be transferred each other
on some condition. The following is a sample to show transformation relationship
between wall and roof area. We define that: there lies an included angle o (o is a angle
between upper triangle plane of each square surface and vertical plane), when vertex
(e.g., vertex of western wall) is moved among its domain, (we defined vertex moved
only along axis), to vertex of western wall, its domain is from (-9,0,0) at a-position to
(-0.5,0,0) at b-position, if the angle a is no less than 45 degree, we defined that triangle
ABC was transferred from wall to roof, its materials were selected according to roof

code but wall.

H H
< Domain of Vertex -=»

| §0.0,0,)
.5,0,0,)

Fig.5. Transfer relationship between wall surface and roof surface

§eeccecccccccscccecccccccccccestrsntettoccscsssssancacacey
- J

4). Modify shape

s,
0

sesescses
s
Bsecsscsessnsncscssscsccesnsscsncssssidosens

R,
|

1

ssensereensersencnne

Fig.6. Sketch of method to modify housing shape
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At the same time, when we calculate amount of wall area, we should minus area of
triangle ABC from wall area and add it to roof area. (Fig.5) Fig.6 shows the sketch of

shape modify method, its processes are shown as follows:

- Following is the definition of window area. We divide total windows area into four
average parts (southern, northern, western and eastern window area) and distribute them
to four sidewall surfaces. Quantity of total windows area depends on gene WE (window
area proportion). We define domain of gene WE is (0.104~1). And total window area is
calculated by following equation:
Swin=SfxWE ~ ‘ (D
Swin: total windows area.
Sf: floor area.
WE: window area proportion.
1). Research model construction.
2). Disassemble model.
3). Vertex definition.
4). Modify shape.
5). Evaluate shape.

4-3-5 Evaluation functions
LCCO2, LCC and LCW as annual evaluation value per 1m’ are served as
evaluation function, they were shown in Table5. Tg is total CO2 emission, Tc is total
Cost, and Tw is total waste. Calculation of Tg, Tc and Tw include whole Life Cycle
stage, we define constituents of the stage as: ‘
a). Stage of producing materials
b). Stage of producing framework
c). Stage of building
d). Stage of operation
e). Stage of repair
f). Stage of recycle |

g). Stage of scraping into wastes




Table 5. Detail of LCCO2, LCC and LCW constituents

Code Meaning
Tgl COzfrom building
- Tg2 | CO2 from material
o Tg3 CO2 produced by making part material in factory
- Tg4é | CO:2 produced by recycling material :
~ Tg5  |COzproduced by transportation from factory
~ Tg6  |CO2produced by transportation to disposal
__Tcg | CO:2 produced by air-condition running
Tg  |Total CO2 emission (kg-C/m’*yr)
- Tel Cost from building
Te2 Cost from material
Tc3 Cost produced by making part material in factory
Tc4 Cost produced by recycling material
Tes Cost produced by transportation from factory
Tc6 Cost produced by transportation to disposal
Tce Cost produced by air-condition running
Tc Total Cost(1000yen/m>-yr)
Twl Waste from building
Tw2 Waste from material
Tw3 -| Waste produced by making part material in factory
Tw4 Waste produced by recycling material
Tw5 Waste produced by transportation from factory.
Twb Waste produced by transportation to dlsposal

Tw Total Waste (kg/m* 'yr)

In addition, we also consider the stages of transporting materials and stages of
transporting wastes in life cycle. The equations used to calculated LCCO2, LCC and
LCW are shown as follows: , | | k
Tg=((Tg1+Tg2+Tg3+Tg4+Tg5+Tg6)/Durable years of body+Tcg)/Floor Area 2
Tc=((Tcl+T02+Tc3+T¢4+Tc5+T06)/DurabIe years of body+Tcc)/Floor Area 3)
Tw=(Tw1+Tw2+Tw3-Tw4+Tw5+Tw6)/Durable years of body/Floor Area 4)

4-4 Result and ‘DiscI;SSion .

We executed on cublc k denfmodel by applying GA more than 1¥10* times and

got minimum values of LCCO2, LCC and LCW individually. Results of case of

minimizing individual evaluation index are shown as follows:

Around 9400
value of LCCO2 did not
And LCC value is 8.63 L(;
show optimized shape for mih;iimizl g LCCOZ in Flg.7 and information of materials in

Table6 and genes in




Tg (kg-c/kg.m’.y ear)
40 + :

TW : T ¢
(kg/m’.y ear) - (1000y en/m”.y ear)

Tg minimum

~ ~ « ~Cube pN

eevees Fig7 .LCCOZ minimum and Form for solution Tg ’

= N = N - s - o

Vertex name - pS pE pN  pW pT EW
Genes name Vect[0] kVect[l] Vect[2] Vect[3] Vect[4] Vect[5]
Coordinate (0,-2.386,0) | (2.419,0,0) (0,2.403,0) (-2.370, 0, 0) (0, 0,2.644) 0.105

Table 6. Information of materials and constructions in case of minimizing only LCCO2 (Tg)
‘ LCC02(9.918 (kg-c/m”year)
LCC [8.631 (1000yen/m* - year)
Evaluation valuel9.918 ' LCW [30.902  |(kg/m’*year)
; Unit (kg)
building frame building frame Wooden  [8492.4
wall Wooden  [467.2
external wall finish  |mortar 8502.5
external wall substratalplywood ~ [765.2
insulation rock wool ~ (170.0
interior wall substrata {lumber 320.6
interior wall finish _|plasterboard|1500.5
measure of window |monolayer [78.4
openingsash aluminum .43.9
structure Wooden  [267.1
finish plywood [427.7
substrata lumber = 95
insulation rock wool |43.2
, ceiling hanger lumber  [90.7
ceiling finish : plasterboard388.8
substrata lumber  [115.2
truss Wooden ~ |1280.3
; mortar 4681
finish |Asbestos - {180.2
substrata lumber  [216.1
insulation _ |rock wool  64.8
foundation concrete ~ -16671.8

Trial times 1*10*

floor

We can see, in order to minimize LCCO2, each surface of wall and roof surface is
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concave. Vertex of southern wall, eastern wall, northern wall, western wall and roof are

all moved from given position to model core, when window area proportion is 0.105.

R R T I R R R

2). In the case of minimizing oﬁly LCC

For around 8400 times, we got minimum evaluation value of LCC, it was
8.418(1000yen/m’ - year). And we got LCCOz2 value was 10.257(kg-c/m” - year), LCW
value was 26.721(kg/m’ - year). Housing shape for minimizing LCC was shown in Fig.8.

L T —

1 kg-c/kg m?.year)
40'{g(g~kgmy ) pT

Tvzvu\)/ — Te

(kg/m’.year) _ (1000y en/m?.y ear)

»T¢ minimum
« = = «Cube

essses

Fig.8. LCC minimum and Form for solution Tc

We can sec; in order to minimize LCC, surface of wall and roof aré concave, and
vertex of southern Wall, eastern wall, northern wall, western wall and roof were all
moved from given position to inside of model also, but moving distance is less than the
one in LCC02 rmmmum Table8 shows the information of materials and Table9 shows

genes in the case of LCC minimum.




Table 8. Information of materials and constructions in case of minimizing only LCC (Tc)

Trial times 1%10° LCC0O2{10.257 (kg-c/mz-yezar)
LCC ([8.418 (1000yen/m” - year)
Evaluation value|8.418 LCW [26.721 (kg/m’-year)
Unit (kg)
building frame building frame - Wooden 184924 ‘
wall Wooden ~ 457.8
external wall finish ~ |mortar 8331.4
wall external wall substratajplywood = [749.8
insulation rock wool = {166.6
interior wall substrata lumber 320.4
interior wall finish . |plasterboard{1449.7
measure of window |monolayer (78.4
openingisash aluminum [43.9
structure Wooden  [267.1
,~ finish plywood  |427.7
: ﬂ 901. substrata lumber 95
insulation Rock wool j43.2 ;
- E ceiling hanger fumber 90.7
~ ceiling finish ‘ - |plasterboard388.8 |
o substrata . [lumber 115.2 i
truss Wooden 1280.3 |
~ L mortar 467.9 s
- roof finish -+ |Asbestos  1180.1 )
substrata : lumber 216.0 ?
insulation rock wool 64.8
foundation concrete  {6669.5
Table 9. Information of genes in case of minimizing only LCC (Tc)
Vertex name pS pE pN pW pT EW
Genes name Vect[0] | Vect[l] Vect[2] Vect[3] Vect[4] Vect[5]
Coordinate | (0,-2.926,0) | (2.926,0,0) (0,2.910, 0) (-2.910,0,0) 0, 0,2.935) 0.996

Tg (kg-ckgm’year)
40 - ‘

10.278

=36.697

sssase

40 —_ 40

Tw 27.000 Te _ ]
(kngyeaI) seeses (1000yen/1'ﬂyear) ;
Tw minimum |

« = = ~Cube Z

-

Fig.9. LCW minimum and shape for solution Tw
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3). In the case of minimizing only LCW

Around 8800 times, minimum evaluation of LCW is found it equals 26.697(kg/m”* -
year), we got LCCO2 value was 10.278(kg-c/m’
8.420(1000yen/m>
LCW in Fig.9.

In the case of minimizing only LCW, there are 6 kinds of shape, we can get

» year), LCC was value was
- year) as well. We show the result comparison of LCCO2, LCC and

information of 6 shapes from Table10. Compared with given coordinate of genes (pS (0,
-3.0,0), pE (3.0,0,0), pN (0,3.0,0), pW (-3.0,0,0), pT (0,0,3.0)), we can see, surface of
south and north were all concaves in six optimal cases (Table10 pS (a~f)), but surface of -
east is concave in case of vertex of eastern wall (b~e) and protruding in case of Vertex
of eastern wall (a) and case (f). However, surface of west is concave in case of vertex of
western wall (e) and case (f), but protruding in case (a) ~ (d). To roof surface, it is
protruding in all cases. And window area proportion is 1.0. Following is the comparison
of modeling results (TablelZ) and the cornparlson of member’s percentage of LCCOz,
LCC and LCW (Fig.10).

8 Tcg
38%

Tgb:

B Teg
38% ,

Tgb:

o, ‘/ 9,
1% | Tes: 1%
29 B Tegd:
‘ 30%

-
B Tgs:
2%

B Tcs:

B Ted: 2%/

B Tcs:
2%

Tc6:
1% E Tcc

Tcb:

Tod: 1% B Tcc:

B Tc2:
42%

Fig.10-3. LCW minimum

Fig.10-1.LCCO2 minimum

Fig.10-2. LCC minimum

Tel: COST from building (1000yen/m” « year)

~Tc2: COST from material (1000yen/m” * year)
Te3: COST produced by making part material in factory (1000yen/m’” * year)
Ted: COST produced by recycling material (1000yen/m” * year)

TeS: QOST produced by transportation from factory (1000yen/m’ * year)
Te6: COST produced by transportation to dispesal (1000yen/m” + year)
Tec: COST produced by air-condition running (1000yen/m” * year)

Tgl: co:ﬁmmndi,;g@dmi yea) o
Tg2:002 from material (kg0 * yeat) ;

Tg3: (I)Zproducedbymhngpannmtaiﬂ in factory (kg-c/n” * year)
Tigh: C02 prodiaed by recycling materil (kg  year)

Tg5: (I)Zproduwdbytmnspcﬁtmnﬁ'mnfactnry(kg-c/m * year)
Tgb: COZ;mcthdbyh’anspoﬁaﬁontod:sposaI(kg—dm + year)

Teg: COzproducadbyatr—comh'k: un




The information of materials and constructions are shown in Tablell.

Based on comparison of modeling results, we can see:
1). CO2 from material (Tg2), Cco2 produced by recycling material (Tg4) and CO2
produced by air-condition running (Tcg) have more impact on LCCO2 emission to
shape than any factors (Tgl, Tg3, Tg5, Tg6) (Fig.11).
Percentage of CO2 from material in total LCCO2 emission is 29%, and 1t occupies
27% in LCC and in LCW. And percentage of CO2 produced by recycling material in
total LCCO2 emission is 33%, and the same in LCC and LCW, it is 30%. To CO2
produced by air-condition running in total LCCO2 (Tcg) emission, it is the biggest one
of all, it percentage is 33% in LCCO2, and  occupies 38% in LCC and in LCW.

Table 10. Information of genes in case of minimizing LCW only (Tw)

Vertex name S pE pN pW pT EW
Genes name Vect[0] Vect[1] Vect[2] Vect[3] Vect[4] Vect[5]
2/(0, 2.951,0) |(3.034,0,0) |(0,2.993,0) [(-3.034,0,0) [0,0,3.001) | 1.0
b0, -2.943,0) (2.984,0,0) |(0,2.993,0) [(-3.034,0,0) [(0,0,3.043) | 1.0
Coordinates €@ 2951,0) [(2.984,0,0) [(0,2.976,0) (-3.034,0,0) [(0,0,3.043) | 10
ooy dl(0,-2.951,0) [(2.984,0,0) |(0,2.993,0) |(-3.034,0,0) |(0,0,3.043) | 1.0
el(0,-2.951,0) [(2.984.0,0) [(0,2.993,9 [-2.951,0,0) [(0,0.3.001) | 1.0
£1(0,-2.968,0)  |(3.009,0, 0) |(0, 3.051, 0) |(-2.984,0,0) [(0,0,3.034) 1.0

Table 11. Information of materials and constructions in case of minimizing only LCW (Tw)

Trial times 1*10% LCCOo2 10.278 (k’g-c/mz-year)k
Lce .42 (1000yen/m’ year)
Evaluation value 26.697 JLCW 26.697 (kg/m’-year).
! - _ Units(kg)
building frame building frame ‘Wooden 84924
wall . ‘Wooden 457.8
external wall finish imortar 8311.4
external wall substrata plywood 749.8
wall - insulation rock wool  1166.6 .
interior wall substrata lumber 320.4
interior wall finish plasterboard {1499.7 =
opening  |measure of window monolayer (784
i sash aluminium = {43.9
structure Wooden 267.1.
finish plywood = |427.7
¢ floor substrata lumber-. = 194.9
insulation rock wool  |43.2
_ ceiling hanger [umber  [90.7
ceiling finish plasterboard - [388.8
substrata lumber: 1152
truss Wooden 1280.3
finish mortar 467.9
roof Asbestos 180.1
substrata fumber 216.0
insulation rock wool - [64.8
foundation concrete 6669.5
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COz from building
COz2 from material
- COz produced by makmg part matenal in St ‘tory

. C02 produced by recyclmg matenal

LCCO2minimum
COz produced by transportatlon from factory o
LCCminimum
CO2 produced by transportation to dlsposal - LCWininimum

COz2 produced by air-condition running.

0.00 1.00 12,00 300

Fig{ll. Constituents Compaljison of LCCOZkin Qutcomes of 1*~104 times ‘

2). Cost from buxldmg (Tcl) and Cost from matenal (TcZ) have much 1mpact on LCC of
detached house (F 1g 12)

Cost from building

Cost from material-

Cost produced by making part material in factory
Cost produced by recycling maten'al ‘

Cost produced by transportation from factory LCCO2m inimum

Cost produced by transportation to disposal 8 LCCminimum

. oy . LCWminimum
Cost produced by air-condition running

L L i Il '

1.00 2.00 3.00 4.00 5.00

Fig.12. Constituents Comparison of LCCO2 in Outcomes of 1¥10° times

Table.12 Solutions of individual minimization of evaluation index

LCCOz2

: (kg-c/m? + -year)

Lce
(1000yen/m? - vear)

LCW
(kg/m” - vear)

‘Individual
mmnganon

LCC m1mmum

LCCOz mnumum :

9.918
10.257

8.631

8418

30.9
26.721

Percentage of LCC from materlal in total LCC, when LCCO2 minimum, it
OCCLIpICS 47%, and in case of LCC minimum and LCW minimum, it is 43%. And

percentage of Cost from materlal m total LCC when LCCO2 minimum, it is 40%, but in
case of LCC minimum and LCW minimum, it is added to 42%. B




Teg=140.37

V=192,
Teg=140.60

V=204,
Teg=141.34

V=216,
Teg=142.85

V=228,
Teg=145.19

V=264,

V=278,

Teg=164.00

Teg=156.05

Teg=151.80 Teg=160.18

Teg=148.24. .

Note: V (m®): Volume of model ~ Tcg: CO2 produced by air-condition running (kg-c) Vertex used to modify shape was pE.

Fig.13. Relationship between Housing Volume and Tég
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Fig.14. Curve of Relationship between Housingk Volume and Tcg and Tec

3). We executed to clarify relationship between load produced by air-condition running
(Tcg and Tec) and housing shape volume, we found that the more volume of detached
house was, the more LCCO2 produced by air—conditioﬁ runnmg When Volum’e of model
changes from 186 m? (shape a in Fig.13) to 288‘,m3_ (shape j in Fig.13), its LCCO2
emission is added from 140.37 (kg—c/mz * year) t0164 ‘(kg—rc’/mz.year), and its LCC is
added from 73.45 (10yen/m” - year) to 86‘04(1OYef1/m? "y'éar),k the tendency 1s going up
(Fig.14).




4-5. Conclusions

In this research, we got optimized shape reducing LCCO2, LCC and LCW of cubic
model of detached house applying GA. On the same condition, we compared with
LCCO2, LCC and LCW of applied cube (Tguu=10.28(kg-c/m* * year), Tceube=8.42
(1000yen/m** year), Tweup=27.00(kg/m’ - year). As a result, housing shape with concave
surface is efficient to reduce LCCO2, LCC on the condition of materials, constructions
and floor area are fixed. In the case of minimum LCCOz2 independently, vertex of
southern and western wall moving distance from given position are all about 700mm,
and the one of eastern and northern wall moving distance are about 600mm, and the one
of roof is 400mm. We indicate that southern wall and western wall affect LCCO2 from
housing shape more than other walls and roof. Its LCCO2 is 0.362 (kg-c/mzl * year) and
lower than the one of applied cube. In the case of minimum LCC, vertex of western
wall is concave more deeply than other three walls and roof, its moving distance is
about100 mm. The next is the one of northern wall, it moved 90mm, and the one of
southern wall and the one of eastern wall are all moved about 70mm, the one of roof is
moved about 65mm. Summing up these outcomes, western concave wall was efficient
to reduce LCC. In this case, LCC of housing shape is 0.002 (IOO‘Oyen/m2 - year), it is
lower than the one of applied cube. In the case of LCW minimum independently,
vertexes have cases that they were moved whether to inside or to outside of model. For
example, in the case of vertex of roof, its moving maximum distance is 43mm from
given position to outside (vertex of roof: b~d). In the case of vertex of southern wall, its
moving maximum distance is about 70mm from given position to inside (vertex of
southern wall: b). There are six kinds of shape, and we have shown in table10, they all
meet the case that LCC is minimum, their LCC are 0.303 (kg/m® - year), and they are
lower than that of applied cube.

When volume of model was changed from 186 m’ (shape a in Fig.13) to 288 m’
(shape j in Fig.13), its LCCO2 was added 23.63 (kg-c/m” * year), and its LCC was added
0.013(1000yen/m” * year), caused by air-conditioning load.

We used only 5 moving vertexes to search shape which reduce LCCOz2, LCC and
LCW from detached house. We will increase moving vertexes to make research model
closer to real house, and take more factors such as materials and constructions method,
etc into account. Furthermore, we have perspective to study shape of model for
multipurpose problem of reducing LCCO2, LCC and LCW.
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