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ISGA(=10,H=0.01) ° ISGA(=10,H=0.05) ISGA(=10,H=0.1)
@ result-7 @ result-9 9 result-11
result-8 ! result-10 @ result-12
1700 1700 3 1700 f
L ° & ° d E
®
1650 . 1650 ® 2o 1650
)
Vorder Lo Xl ’
¥ e @ o 7
1600 \;V?—\» 2 ,ob s 0,y 1600 el CF “‘:"6& 1600 H —
j‘, “T9 g 0u 1
1550 ! ! 1550 | ! 1550 }
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Total Strain Energy[kNm]
a. r=10, H=0.01

Total Strain Energy[ANm]
b. r=10, H=0.05

SRR R A K (B BB R ZE )

Total Strain Energy[kNm]
c. r=10, H=0.1
Model-A  Case-2

Q
i
1

Z e e e NS R :'...
f,=2.42[kNm] llh.'.i.g:;::.g.:.:;.:i., £,=3.21[kNm] n':'z’:Z:::':::::::.:}::}:.:.'f S=4.63[kNm] IR
f,= 1684[kN] R fi= 1611[kN] R f,= 1596[kN]

form-G f="2.79[kNm] form-1 f=4.52[kNm] form-K f=5.30[kNm]
fi= 1626[kN] fi= 1602[kN] f,= 1590[kN]
form-H form-J form-L

7 EEMEANOEERIR =10, H=0.1 resultll) Model-A Case-2

5 f (AR)=3.21[kNm]

f(AR)=1611[kN] 5 =0.0072[m]
- R4 (X 200 %)

BOC-00REEEED

Y N S e SN
SRR
SRR o
RSN
I s
”Ip.‘.-,-~ SRR RIS
= L)

X
SN
==

(AR)= 4.63[kNm]
(AR)= 1596[kN]

5 =0.013[m]

‘max

- TR (% 200 £5)

EassEESssEa=smose

AR

BEE;
SEECT

M, =646[kNm] O = 1168[KN /1’ 0, =9391kN] ot = LLITTAN /m?] 0, =1086[kN]
M, =-401[kNm] 0%, =—9010[kN /m’] 0,,~468[kN] M, =-677[kNm) 08 =—9577[kN /m*] 0,.=390[kN]
CHIFE—A Y R - EEAE “RSRME -HIFE—A Y b - EEAE * RS R +E
a. form-I b. form-K

8 form-I, K M MK P =10, H=0.1 resultll)

Minimize fl(R)zéw”wae W OF Bz 5% (10)

£,(R)=S(R)" A Gan (11)

subject o ¢* <o, (R)< o’ sz (12)

Dy = h G smisazen (13)

R <R<RY (% (14)

Z 2T, weEAMNE RN b oL, K A~
U7 A, R=0.0[m], R\=7.00m] 33, HIHSE S HFH
SAFITAIHET Case-1 &35, 728, fRATET L OFIHIK
WL B RELE , BREIAHR, ESME, MEHER, GA
RT A =2 13Z% BEE (1) &R CEE -V 5,

Model-A Case-2

OHEEEHI 3

FEATAE R A X 9- 11 12”7, X9 IXISGA (r = 10,
H=0.01, 0.05, 0.1) DFEFE2 1] (result-13~18) % H B85k
M bkic7aey hLEZbOTHD, 22T, ik
FOT AR R ERZ R T, r=10, H=0.01
result-13 TG BT AETZR 6 ] (form-M~R) %[ 10 (T
R, form-M, P DR A X 11 12R T

5. BE

BAEFHEB 1, 2 OFEFRIH LT, AHETHLND
Nl—h7ay MIBITEICET D, FFICH =
0.05,0.1 BN/ L — b7 v b HAIRIEZER
IR 09 % (M 3b, ) FTo, AMRETT Y — Mk
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Volume[kN] Volume[kN]

1600 1600 1600
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@ result-13 @ result-15 @ result-17
15807 result-14 1580 1— result-16 1580 9 result-18
° o ;%‘ d
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Y ]
° N P @
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9% ° o1 )
1500 1500 & o0 g 1500
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Bending Strain Energy[kNm] Bending Strain Energy[kNm] Bending Strain Energy[kNm]
a. r=10, H=0.01 b. r=10, H=0.05 c. r=10, H=0.1

X9 EIEMEAOER (BBEEZER) Model-A Case-1

Vo 22
AN

= e TR
=S A Z T AT
22 S STTEN
e 2
s SN P = R Z
Kz = i e e e 474 S
RN IE s 2R o s
2R R R SN
2R e S SN Y e
X Y R =TT
[ TP B A ST AT
R R KL B e e o e
e S RRRAZRT AT
A7 AR T AT 2L IEZRATAZ AT S 2N
=

22
S ZZ
e e e R LLLZRLZIN

e e R

T 22T
AR

777777 ZRLLR7 <X .~~....:.- 2% :.::::
f= 0.132[kNm] ’,”,’,’,’,";'.’:;2;.:,;:::;:2’3:3;“’ : o
7= 1607[kN] R ;= 1544[kN] /.= 1534[kN] s
form-M £=0.178[kNm] form-O £=0.594[kNm] form-Q = 3.24[kNm]
f= 1567[kN] f= 1526[kN] f= 1506[kN]
form-N form-P form-R

K10 REMBAOEERIK (=10, H=0.01 result-13) Model-A Case-1

X
AN
&= =N DNIRE
[ N s TIRRRR
[N e e e
e e e NN R AR D
e RN Vs FRRRRRR
ERRERRE e
TEEERRE SRRRR
IEE EE SRRRRR
T = 7 e P <<= x[1
i e e T
A EA B B | EREA EEIREIN
I 5 e e e - NE)
AR 4 1
: Boas 5 cocoosasnocsaaasc
£ (AR)=0.132[kNm] &8, =0.005[m] M, =345[kNm] o', =1028[kN /m?] 0, =868[kN]
- — c 2 —,
/(AR)= 1607[kN] M, =-501[kNm] ot =—TT39[kN /m*] 0,,=686[kN]
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. BEEE
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/1717 I
O AT
elo o - FAZZ7]7
Qe Ofo[a]e v A
% B SRS e e AR os REREE
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i K vl
o[0] IEd [~
ol 1 DR
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B11 form-M, P®DAFEHEIR (=10, H=0.01 result-13) Model-A Case-1

W% & BT MEDLERIEICIE > TIRO B 21T 572, FrZ. [X4a. Case-1 form-A [T HFAOT T R/ F0
FLlEHIIR N OEE CRHME ARV VEN AT 23556 BvMEENTfETH Y . ZOIIRITSCER D) 0T AT
W5 (K3,6), ZAUL, VN —7HOREMEFUEM  *AX 2 BB L T 28— B oA L T b Lo
NADEARBREROFRE CHHETE, BRMOLEHR L  EHIRE —E L7z, Case-1 form-B~F (2O Tid form-A
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TROTHZRX O, fifE—2 v &
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12a,bL Y HIFOT AR X2 BB E L CHED
NDIRITHAEF AR 1 OfER LR AL — 7
b EIZFEL TERY . oS LN EOMIER RIS
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FEROE LRI CA—2—Th 5 (X 5,11),
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FRERZRFiE & U CTEDO AR A 558 LT GA Rfifik%
WAL, BEERMIRERIC L D 2RISR OEE 4R
L7z, BlERE R L0 ERRROFMIL, NL—h7
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WLTWD, o, mSHRIEtEE VWS oM
T B C BB O IE IR B TE D Z L AR LTS,
T O AR R X EROT AT RO ET )
ZET, T OP R R NSRS 2D
T2 OENT-RHMEFEIEIZ 22 0 2 DA REtEE R LT, &
BITEIE P RE I A B 8 L7 B B 08 A%
o, Fla OREAVE AR L7z,

SE 30k

D AR, KERMEE 0046 % B Bk & 3 2 22 i
EOTRBECIZET DM - 2D 1 & = L HE~ D
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2) RAHEEA, RAMT]: IROE & & RERELEOER
bLZDIEH, BARREFSHIE R CE, 640, 1091-
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Y ALK D EOAIL, H ARG S R L
£, 614, 35-43,2007. 4
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i
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2.2 HEEBEELEZETIL

ERE L ARFEOTT I u DEMECILET 5 &0 )
A&LMZ 5 Z & THMOFHBLZ FIREIC TE D, TEMER
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N
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i=1
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RKEWGE, IEHEN RS L2V BEMLTLES> DT
/N, K0 ISNMELTEUERDSD, A#HTHE
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O LT 2D, T T WEfED 0 OEFNITIIEFE A
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WaRDHEEEW S, B5 DL I, ZatiEgoHh
WO TIFERF G L LT, BT 1EN / em D
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& =4.02 MPa
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G T A, G T A SRR, SRR & PSR 2.1
B HE A WRAER &[RRI B FABEE AN TS Lz,
BT, ABRATERIC KA A 52 CH BB S,
FRBRIRTEN CR (S U 7o a3 H S C TR A 3R L
ZOFHNT —% % b LI — ADREH 1T 72,
12 |2 A HIRERERE R A~ T, MR LADRE
{0 fHF72 B-HDR ClIEAIREEIIZ b <, R
HENRHRITD 2705, 1HTE R 5720, B-HDR IZ
Hodib A BV {+71) 7= B-HDR-P1.2 & B-HDR-P2.3 Ti3,
PIRR DN X0 [EAAIRE)S 7.0Hz, 80Hz &< 72
D, HHARDNEY Y B-HDR-P2.3 D5 3 EAHRER )
ZENGMmoT, BWEITmE EBELIHEKL,
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HIROIE B iR D 7
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s K UEBE I LD
nis, ik RE & UBPE
“1iE(mm)
DI %L EiEo L | 400 X 100 X 2.0
H)BARA | 400 X 100 X 1.2
VRN HRAEB | 400 X 100 X 2.3
4.0 12.0

B # IR Eh#(Hz)

B-P1.2
B-P2.3
B-HDR

~ ™
bl o~
5 o
o o
[a) o
T I

[2a]

o0
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B LAJL3 600~400(cm/s"2)

12 BHiREEAERIER
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ERIETH D Z &b EEER = L TR 1772
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RIFRIIZN b D EEZ HD,

4 BHEIRFFEBDS I 1 L— 3 VR
AIEOSR A FF BT L O B HIEERER L Y, &
RWALDHKRTIIAERFIRIRIIELNT, &= A
EWHR AT 5 2 L2 L0 RERFIRIE SO
LT END T, 2 B TR L= mEisias = 2 O
FEET A U CHBIRERBRO > I = L— MgT
ZFERLT, HHRIRZ G5 & & bITHEE L&
B A LDOMEPREET DN T DY A WS 5,
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LD, EEEE S AOMEHIEET WT 2 BilR IR
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EIFHE L TRBY, BRI & B <k
gD Z ey o T, £, BN 25°COMTIIEE
EHTIE, BRESHIGLTWD EEZ LD, [EfF
REEDSFEER L W AT/ NS TND 2 e D R
B CHE 100 ¢
msEe s 4 fl
M DZENK
=< s, R
BRIEERF DR
R
20~25CCdh
ST=D, i
T LD "
1 20Ciel ®13 BAETIL

-54 -



VYREBIC GRS E S -T2 B 2 bivd, RBRT
i3, #ﬂ%ﬁ;é DOy B-HDR-PL2 M7 B-HDR-P2.3
0 BENTREEEDKRE DM ER LD, fif
MGl B-HDR-P2.3 Z2MEDNT R E < 22 DA 2R LT
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BEBEMDS AT A VIVT A FEICET MR
- IBRERMICHE T B ERBHOBHRERDER -

O Jefsy), rhi B2, K e
D% ER AR EGERE AR TR B # & M1, hyoshida@dali.nuac.nagoya-u.ac.jp
2) %t B R E R PR A S BB T BRI A FE M2, nakata@dali.nuac.nagoya-u.ac.jp
) ER PR EBEERE AR AU, hero@dali.nuac.nagoya-u.ac.jp

1 Fi

BURICAE Z B F0E L RERO IR D7z, RS
MoDZ A 784 27)0 (Life Cycle, LC) Z# & U Tzikat
9B ENRETH D, RFETIE, MENTFIIZ
BRI A THA VT A UFiEE O TEERD
ISR 2 T, AR ZESET B,

HEEYID S A 75 A7)V 71t X EREAL OAREE
BWRMFET %o TD—D& LTHIHM, ShkENCE
AR ELCDORHEEENET 5N, BEHEDOR
T E PR 2 IR RIS L DM T DO N T E T2y, BRES
SMREREIRI, WEIROARZ EDOHERKICK DA
{EBIBOEIRDELE DN T H 5 & S FIIFMKIRZ
b5, FATHATIVTH A2 (Life Cycle Design,
LCD) Z2179 LT OHERNDHZEII AL HETH
BEWVNZ B,

EHICAMEEER & UTAMRICICHEN TV 558
L7 )00 3V X Ls (Genetic Algorithm, GA) W4T 5
Nz, GA LI3HRZEEMOERGHAEE RE L R-EIC
DV T RGO FERZ2FHE LT FHETH
D, FEEICH U THFEOENEMTDNS, K
HEARORE IS E L E NI RN FE DO BRI KRAZ L
THo, H—HWRELTEORER N2 HNRE
BT BHEAEON LICKELEHFETHLEABNS,

AWMFRICE ZDOHMNDH D, —DIFH LB DE
IRANHEEMEN S 72 5 9708 2R d T & THILEIEZ K
BICRET BT LOREERICOVWTELRT S Ex2H
e L, —DIEH—HMN LC fud{bfMEIC BN T,
FRELZR NS B8 B IERE N RSB RD OIS 5 2 &
ICEBL, ZRZRH LK LC B TEDOHEZ HiN
9%,

2 HILEBOHERTREELSRIFTHE
HEEREY OB MR ERIC VWS NZ M T i

W ENRFEER G5 Z 272 H—HIN LCCO, ik
2@ U Caliid %o s ST 100 & U, FHi
W5 &9 H5HEBRBIPIRIEN 1T/Rd 5D LRRET
%, MM, GA ST AXA—%27%K 2, K3IIIRT,

#2X D, Test B, Test C HZEBRE, Test A H5
Test E IZMF T LCCOy, MEMLTWA T Ehbhh
%o Test B, Test C BBV TA/NEMRAWIHE L T
5DE GA IS K BHFRATH D, Test A MD Test
E I TORERFINEDZIE—BHLTVBE T b
SBHEBEBOIRDEIC LD DEEZBND,

DLEDOFEREI D, HEBEAREDIZIRIC KD LCCO, D
RBET BN, MMORETNE® GA OEFTERZELE VS
TeEKNE U TRHBERB/NENENR S,

E£1 GAINTA—4

Population 100
Elite 2
Generation 500

Prob. of Crossover 0.80
Prob. of Mutation 0.01

#&2 LCCO, /MLl
LCCO;y (kg-COy)

Test E 76000.54
Test D 75604.05
Test C 75316.82
Test B 75352.01
Test A 75079.25

3 EREAHOERERZEER L LC FHEFE
AWIFE T RE TN RIS ZR IS 51 B AE R4 1
DIEEBEGR & W 5 B2 U 7 it Tid 3 K ORTHifl

B2 5N2HBIEICDONT, TOIBIREENED LCCOy FEDMGE 217755, EEBIfRZEE LTz LC #HiiF
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Test E
’% Test D Z
~ .
'\é 05 SR Test B
. s
g ] e ta
R i
00 z =1 L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100
Scenario [Year]
v PAPS AN
H1 ERFRET B HLBEEANR
2
Height (m) 5.4
Total Floor Area (m?) 125.88 Bedroom § §
Height of Story (m) 2.7 N ol
Number of Story 2 I
- — . . =l o
Project Life (years) 100 Living - Dining 2| =
- - Kitchen al o
r<: | — — GL
A-A' Section

Dining -
Livin“’é

Japanest
Ghfeey

fle Bedroom | Bedroom

N
5005 3640 | 1F plan
8645

L«

2F Plan

X2 FEIREEE

HE LT3 HHORGSHMICEDSTE, BXUE
IR 2 80 U7z LC fMliFEIC DV TN %,

T T, RETHWS TRERERMEIC BT 5 B
FIHOMEERIR) L IEBHFEOHIRIC X DIFbN TV
HRTH S, K3, M4DKHIC, HHHMOMERED 0
L5 B ERREN AL, &5 WIS A BT O D
PEREMN 0 LR BN E L RZ TSV A, Wb, [H
%M & OREEN—NL, B2 W0IE N BN O O
BEREFEIAMNMEEBIRIC D BV F U A D RiEE 55 &
WOHIRTH %,

u-2

u-1

Performance

time

M3 (ERERIADEHREFRINZ— 1

31 GA ZAVEBITERICNTSMEFE: FE1
ERDOH—HIN LCCOy f/MEMRICIZFREN T
BHIERERIACIESDENH D, BENIRIFNEE AN
BINCHIIEST A 2 & T LCCO, Z X D/INE L T 554G
WAZEHT 2T EMNARETH S, T ORIEZTTS B

u-2

u-1

Performance

time

X4 (EREBEADEHERINZ— 2

I, ATETRERRIBORIMEZE B Uik 2ZTT
o iz, AFEE T GA KO BRENRGFINEZE
CICHiEZRTTS TETH S 728, HRDEREHIE
HIERSD BRIV %o ATHED T H—72X 5lRd,

(o suporpegzin )

—b‘ @ HRAELISR O OIERERIEA HERF U7 IRIE T RTRE & 72 2 ISR 3 00 i/ Ml 2 e ‘

@ FTREZRFRY % < O HEAM QM TR 1 LD X5 ICHRE

No
@ QT LEHNAL, OTHRLE
(ERERIED —F LTV 2 e

Yes

® #T

K5 F*170—

32 EHEFREERLCERATSREERBPORIRF
EIFE2

T 1LICK B NANEBOMIENRERZ ENDE
bhd X oI, KO KEWIRGERE DD T
FEL TV AAREEDNRWVICH B, TORKE UTHER
ZEIMNIERICRENW T LB 5D, ATFETIE GA
DIFRTETIC AT T — R B RGO D 5,
R & U CBRIRE NS 2 BN O A2 T %,
61CnT KD ICHIHIERRE 2 Step 1 KT Step 2
WK BT %, Step 1 TlE, SO IERE N
IRATRERMRIDER D 555, LCCO, Dhb 755
MROHZZEIRL & LTt d %, £7z Step 2 T,
Step 1 THIH U 7oA R &, (EREE ORI %
7B U Citfii & 72 D15 5 BRI O A 2T 5,
ARFHEOEREF ORI Z X 71CR9,
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material A

material B

material C

virtual
material

virtual zi %
material ; ;

X6 F%*ﬂiﬁ@?ﬂ!tl:‘.%& (B2
A 50
T=173

+—2 —— 35,36, 37,38

+3 ——> 23,24, 25,26 X2 —> 46 ~ 52

+—4 —— 17,18, 19, 20 X2 — 34 ~ 40

X3 —> 51 ~ 60

+~5 — 13,14, 15,16 X2 — 26 ~ 32
X3 —> 39 ~ 48
X4 —> 52 ~ 64

+6 — 11,12,13,14
b OEEEEL TS ZDFRKT

l

13 ~ 20, 23 ~ 32,

X7 (EREREADHh HETE A

34 ~ 64, 73

33 BHEFEEZERLIMED LC &E(LFE: FE
3

ARFEETIE, GA ZHWTITH A O ETFIEZ AR
L, BRGSO 2 & U o ifif 2 89 5,
ARFEOWMPICH 0, FROEfRIC BT B IEREEIFO
BEIRONRZ—2 @R L, Thzet iigiliz115,

FIFik 2 TiyoEREEHOMIL 21T, TD%
WARD B AFEICTBNT, ERLINNZ =V
T 8D K DI BICARIC HEE R AL EBA DO A& e 151
ZERLU TN, TN TT B L, RIEAKRED SIIH
IZ LCCOy D/NE72E DR L T < ERBEICH T
%o Tz [ h—F A2 P N UfRE I TE] &R
§ %, LLEOFHRIC X o TH S NI AR O & i FH A4
2T 5 2 T, FHESRBIIC I % LCCO, &
MU RN E NS,

hierarchy of members

u-2 2
/ \
wl FENPIT
7\
u Eln 7 U i tana
l
u-2 tuli2
/ \
u-1 tLII: et t\:vll
/N N\
u a7 T a7 o

AN
VANYAN

Nll l NNl

X8 br—F XY rRREREHFE B2

3.4 REMERAIAMZREE LT LC FHMBFE

PERD LC FHii T, Al S Z80E Lz 1T
DIRFIZ1T> TEFs LA LT DX D AT ClEaFlh
XEGUE ZfEE U TR 9 2 A B ARG TN A
MG HN B RAED TR,

Z TTATIETIISMEL O HRIK 7 e KBR Ot FAEEL
T, & SICEREEIOMEEBIGRZE B L IcRETNED
HERSEY AR % T & D EM St 2 180
L7ZBRIC LCCOy DK DA UTefip b 7% &5
MEETZOTREVNEEZ, H—HN LCCO, HK
IMEZZiE U TEDLILIRER 21T,

4 (EREBIADEHEFRZEEZER LI LC &E1L
5 SE”ﬁ’C*iIf\‘?’: LC fHiiFiED 5 B, Fik1 BXT

Tk 2 AW IGE, E-ERMEAHEZEE L LC
PRI K B iz% W DOWTHUEENT B Z /R L, EEE
B X%,

41 FE1BLUFE?2
S SREARIEER T TH B 73 &, A 1000 TH

RE U, BIEFE, GA ST A—2ZK 2, £3ITRT,
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EROFE, FiE1, $E2EBU%&®1®a
Step 1 ~ 2 ZZNZNHVWIES, Tt 1 BXUTE
2 2t Liea @Lamzmmmm%§4krﬁo

£ 480, FE1LICXBEMEROTFIEIC K 5%z
TEI>TWEZ b NANEFIENFIEETH S T &
hbohnbd, £1-F1k2 D Step 1, THIT Step 2 2

BIELIMENNE L Eo TR T s, FiE2D
BREMENRENTZEVWA S, TFE1BXU 2 Z20f
HUZEBESIC X DENNE L IZ>TWnad T b, &
O Bz BT 2 FETHE L VZ B,

K3 GAINTA—%&

Population 100
Elite 2
Generation 500

Prob. of Crossover 0.80
Prob. of Mutation  0.01

&4 LCCO, m/IMLIE
LCCO, (kg-CO2)

traditional method 63661.1
method 1 63494.3
method 2 Step 1 63227.1
method 2 Step 1-2 63185.2
method 1, 2 63160.9

42 REAHAHIMZREE L LC 31
EMROREMAFEETH 5 A8 50 4£, S i 60
fF, RC i 100 B XU —ENEHRETNEDOHIE L
TR AR 70 R DG OREETNA 2 AV T ELER
ZATD o HikatNAIC I 2 BEHIR 350 4EICBT %
LCCO, ZK 9, & BITAKIME 50 T % iR & 21
XFGUIRE 70 FEIC I B RO LCCO, 2K 101C/R T,
9k b, SIEHAL RC EMAIE MDA L
T LCCOy; MIEFICKETNT DB, £2K 10
X0, FHERSHAR 70 OB E B X UAE 50 2L
95 &, (LA 350 FORE R TAE 50 FED M
FEm S 70 £X D EK 10 % FEI->TWna, T
N REROREERND—DTH 2 MEREE DR/
fb) WRELEELTWSIYD, BREREODERVAR
i 50 2R U TCREETNA D LCCOs HVNEL 7%
THYO, ZNLIFOMHBMICET 2 K/ NEIfRIEZLH)
LizWEDEEZBNS,
DLEDOELRICED, COy FAERD/NET RME O
WTIREDMAFERZIRL, MO MEGRZEREL
TeRRATNAE, MMORREINE & i U B2 AT
LRANBLZS>TVB ENVWZ S,

1.3e+6

Year 70 ———
= 1.0e+6 [ Wood 50 --------
o Steel 60 -~ BB
2 75655 F RC 100 i
< .
;N Stets o [ . . o
O 25e+5 | [ B B B s
L = - oo o e
0.0e+0 1 | A ) )
0 50 100 150 200 250 300 350

3.5e+5

3.0et5

2.5e+5

2.0et5
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1.5e+5 |
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5.0et4

0.0e+0 : 5 5 - 5 :
0 50 100 150 200 250 300 350
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K10 LCCO, BREZEFE 2

5 #&

AW T, HEBBOBIR T HEEICDNT, X
T AERE R A D REEBIfR 2B 58 L 7z LC FHiliTFEIC DV
TH—HM LCCO, /Mt L THES LT,

HILBEBO IR EMEICE LTI, HILBEBOE
RICE D LCCO IT—TEDENMEL BT &bl
W, FTN50EFERIZ GA OffEEIC X > T
WICEFHLS AIRETHD, REETECERNTHS &
BEA BTN Ehbh oz,

KTz, BREFIAOEEEIGRZ BB L I Tk Tl
FEOm LRV RS NEGEENRENTZE NS
N, HFETCRMOETIITH LTI RIT S E
DTH B, SHOWIETIEFHHHMDRREICDNTD
BRNGEZZTICBE LU TR ZMA 2 TETH 5, N
AtEom Ee &0 gE e EEhs2 LT, £
Hi LC adfbic BT MHMRE AR FLEE kb T &
MNEEND,

BE X

1) B, L, ARERLEENT VT LA X B0 S
A THA VTV A VBT BB : 701k, PR 2
K2 FA S H55%5 1 .pp.351-352, 2005.
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TESRHEEIADS, T A 7 A 7 VOB B TR
CTHDEBRLRWGAERH D,

AR & 9 12 ABIFSE TIE 20 4ERTTH% OB AR o 5 5
O « AEZARD KL, B L7ckE, 3272 EOMpM M
PEERT DLV 20 FFEEY VA Z VT AT LOAREM:
T 5, ETHIOY A 7 UTEBWTIR, B OEF]
MRS o3t CIERS A 7 7 » 77 > REJL RIZka
DRREMENR DV | FEEHRFHIBW T, SR ED &
IR FREN TV R 2 b— 3  ENDHMEER
5D,
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3 20 FEEDFEZIBLRATLIRE

S ATRE M DEIG D TN 2 art S
MI¥TT=FHE LT, BFXFAAL A DL D [HEY
AT DDF| BB O, 0% < D% T CHAT
THT D &N VAT ADE, =y ML TOHES
FENRG THLN, = b & F/NEALE LTS 2,
ERLETED BT DEROH A X (F & 3150mm,
i 2500 mm) ASEEEEE ] Lol & 72 0 155 9 (2 2.3),

2 3=y FOWA"

M3 1=y ~FOEH"

FRROL S pa=y MEED L ST, MY A 71
MAFEE STV DIERDELRIL, FHEMETh DI
DEHABERE L T D, DFE 0| k%, 1JZEHL
FEOFERITEEAT 2 LWV BED L & TREFL TV D,
H L <UL, FFEEOBIE L ST FEER TORE Dlis
RZEATH EWIORHRD DD, WTIUTE K, &R
B VYA 7T 2280203, O iRE o0t
LTEBIRENRHDH EEZ BID,

A CHRET 5 20 FEEEITB W T L [FREOFEN S 2.
HAE U VA 7 VEAT D BITIE, Bz 1 SOEEE T
LEZH. DO L 0T T N ED K D ITEE
LT ONEEEL, TOZ E&lE 2 7= ETHERIC
VA A 7N DEMORRGE AT O BN DD, L,
FEIHT D ERIZZIGICEY | 20 FEEOEEE -
THELTRBL W) IO CEHFENTH D, Lo
T, INETOT T RPERRE T LT BT 2ot
ICESEEDORIPHIET VaE KEIZE 2, Bfis I =
L— g & W CHERFSGHRRIIZE R 21TV, 58
BRI Lo TWMEE R T2 Z 2RO AR &
Do —HRANTIE, WG DYV NS W EEEHINE S &5
A DI, ZD XKD - NERR BT DAEEDEM 2 FA
LR WEFZ D0, RGNS WE ERRDOE
MEDRIKRE 7205, AL CREOIRMEAME T
T5H, £Z T, 6 2 2ORTERHIRLFHETE 5
AR ZRE L. BfbiEE LTy I alb—vay
T TN,

4 ZEMNREEREOERL
4.1 #=E

AR I EE ORI U CREA BT 5
T T UYL L., BRI EED
W HIC TERYEEAT ) ZRdE LS, BRYENL ST, A
RBR L VST EMEIEDONEL 2 D HEHTHY, 22T
Vi S AP & LRI 3 RO ~1YE 600mm, 1200mm,
1800mm % 5z, ENZEAVEIMLENAL a, b, ¢ & T 5, [A]
—OEPSHEALOPEIZIRE, [RIEOHMAEE S
5EZEZONLDT, EPYEAIERIFEET T 1T
FoIE SAIUL ZDRD BV VM BIE S ATRE T D, F72.
BEEDEL BN 2 5.2 5 2 & TERY A OB ERD
ZEINTE, FERE U THAHNL ORI A1
GAS-XN
- HAES% (Objective Function)

Kim TIEZ BRI T LT X80 1 DTh D
SPEA2Y % i L 1R VT A oo LRI 2 7 <
3 MHEOEPYEN A (FE T T AR L%, kK FEBOE
FIBT EEOEL ORISR, #HET D (K1),
i RAITQNTHZ D, BEM Z LI, R OEBRE

(COV) %K, ZbDNHH £, & BRI D—>o &
T 5, EToAEEOELHAE L IFEPY RO GE N
X DEPY DR E [y &2, [y DEVEE
YL BICEEE CHAEOFEETER 2 BB
DFAE TR0 HIZBN D — 05T, RGN &
< 725 B\ AL O BRMEMK T~ 5 3127 5,

Y.COV(,R,)
Sy =t 3
minimize  f = TN, (i=ab,c) (1)
_ ki
fN - sz
k
k&zi%%f (i=ab.c) @)
(N=2 N, +N, (i=a,b,c) ®)

oNo ¢ kB OIS 5451 § 0k
N, JEEI O

x1 FLBEBEMEOES

model-1  model-2 model-n
F2 Bfra R, 2R, ZRa
#1124 BNz Ry Ry e WRy
FIXY Hifizc R, 2R, nRe
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« BEZESC (design variable)

ARFTARUT, BRI x3 2 H14 B OB E
L5, ERYHAORENEDD Z LT, MR Z L olin
FHEAE MEE ORI B T 5, ~HEDORE
U RERIGERAA Lk LEIRY BN 2581 0 115 B854, 600mm
FY AT 3D & 1800mm DEYHAL 1 D TIE, X4 HAT
BRFSTH Y 720 SERL AR D,

4.2 BB

ZOORMIBEEDS R L— R T ORI & 57 %
REIC K VR 5, 60000mm O (Wall Ling) Z{EED
BEIZHATC, 27 model-1, model-2---, model-50 &
9%, Wall Line ?EE L B AEO A TSI TEZ D (X
5.

model-1 - c— - — - -_— -

model-2 @ — @ — = ——_— e —_——

model-50 = === = —— - —— —. —————— - —_—— -

| 60,000

4 PIREIZHITHETETIV

HIRE Tl Wall Line D#a%k% 50 & L, £ HrEqmE b
EEFRN, LI, BHIBCH S f, 20, fy ZHE
Bz &0 RO BRI O IMERTEE LT Hhz
Pareto fiEDOfERZRT (X]6),

+F2 GA/NTA—A

f#{4% Population 100
% Generation 300
AE X  Probability of Crossover 1
ZesRJ8 BLER Mutation rate 0.02
0.70
5t E
101 B
« 300fkfLH
0.69 -
0.68 [ -'-"g
No.1 AN,
06{\
. No.2
0.66 - .‘..‘..B | |
0.2 0.3 04 05
Sy

5 {5IRED Pareto fiZ

4.3 BBITREREER

35407z Pareto fiflZ B F415 100 fEEE D S B, 25
DfE (No.1, No.2) ZH&rd %, Nol, No.2 ZiLZHUT
OUNT, model-1 725 model-50 £ TOERYENIR R, &
MERCHRA S, N L BB, N, ORERAZFR 3 412F L
D5, NOLIZOWTHEYHAHR R, #7+5 L No2 KD
HEYHAT a, b, ¢ TNENOEIEHET /LI CHRE
SNTWDZ ENbLND,

&3 No.1 DFR—E

model-1  model-2 model-50
EIEL AT 12 13 13
Y BAb#L 8
Y HALcEL 5 6
«N 35 35 43
2N, 25 27 e 25
2N,/ N 71% T7% 58%
R, 48% 48% 52%
Ry 32% 30% 28%
«R. 20% 22% 20%
=4 No.2 DFER—E
model-1  model-2 model-50
EEL AT 9 10 12
EIEL XA 8 8 9
B XAy 6 7
«N 33 33 43
2N, 23 25 B 25
2N,/ N 70% 76% 58%
R, 39% 40% 48%
Ry 35% 32% 36%
«R. 26% 28% 16%

model-1

mmE IR R I F MIFENN
model-2

I I CHE NN
model-50 .

R TEE TRR P WETTIN ] NEN |

6 No. 1 DERHTETILEER
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5 FEETIL~DEA
5.1 FEETILORE LENLEMNOERERRE

L RIZEE U T i RO w2 OG- 2 VT
FE~OBEHZITS, AFWTIEL, 4 DOESE model-1,
model-2, model-3, model-4 (X 8) (ZxF L CHEER Diin
- BRAZRICBET 5 R 2 b—va v E(TH, (EE
DHIENENTNIR 2 D720, FET T AR HEH
MECH ZNENRIR DA L 72D,

4 SOEEET /T 3 FREAO KIS 1% 600mm, 1200mm,
1800mm % - 7= B4 EAL a, b, ¢ ZEET 5, KT
T NVOERLENER, R, OIXHSX 281l45 2 & T,
BEDOFEETT M T D5 E Y AL OFIG &2 —EIT R
DT EEAET D,

5.2 HBERAKDEEI AT L

10 (T E T NV OEIY BT ORLEOFo#E b, K O
(S 2B E LIRS 2 T, BAANE, SEEIC
B DEPYHEA 2B O (T 7B ChH 5, FDOEPYHAL
ZIIC, M B T L—REEE LT b O RO
Thd, ZIZT, H B 7TL—RFLUTOERELITIC

B L7z,

FRIZBI U Cid, B BALOE IR, SR
Wi B2 B2 B TWAOT, ERY AL OISR TnT
BB 5, CORS, BB ERDHIZBOTIEZE
DOALEZHSBOFE A BLE 5,

FCEZARTE LTcte, R - NREERT D, DR,
il & U TR NEDR MEZTRE L, BT & 55034
U720 HFE VITHORIREIR 720 78720 Lignn k9
IZ L7,

FE « ROWIR-HATEAMAE ST UG L LI BT
EWRFARIS I EGGHOIE S & HET D,

ARFENITV—RZETAHIELT L& L, FPYEH
NEDOAEIZEE T L —AZRlE LT, 7 L— A i
BRET D &, EPYHEAOMEICNES AT L—R
R 2 HOHRDIHIDRE D DT, AWML
LERDTV—AFHE T L, EORE AL AICE
DYTH,

FY BN OPNERICACE SN D ERMTE, 3 FREHDILE T
EITH—SNDDT, BEWDT Z AT L T2 AT
REZ2EM & B 2 D,

model-1 model-2 model-3 model-4
pr—
[ B I [ O
2F
2F F oF
- TTT I T I [
[ H — — ] - -
== [T . -
I I: E! 1F 1F
" 7 4DDEEETIL .
10 H
L 5 o1 DRE

058 ced,

) No.l *.2. 4
Iy K
PR}
‘oo «® 22
056 - © :_.-,_ ..
P ACNO 4
e .
054 ‘ ‘ ‘ ‘ ‘
0 0.1 0.2 0.3
Sr

8 {FEETILOD Pareto 7

model-1  model-2 model-3 model-4
24 HATa% 30 41 35 63
T2 AT b 21 27 21 41
2 Bifrcdk 6 8 7 13
N 116 121 114 199
N, 57 76 63 117
N,/ N 49% 63% 55% 59%
R 53% 54% 56% 54%
R, 37% 36% 33% 35%
R 10% 10% 11% 11%
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L al |a 2F Bl Bl 2F 2F
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©
o b aaa a BL BL BLBL B4 Bl
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aab a B 8r er') i) BiBL BL B
b la
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b b BI B4 B Ve (e |® [
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ju—h—F‘ ° *A b a ’ B1 o | BEET e B2
a c b
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. I - 51 . o | B4 BB
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o
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b ¢ b b a b AL EREEEERIEE [
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a b b ala Bl B4 BIL 81 Bll— |82
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il 2F 2F
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a a c a aa a Bl N \ i
oo e S T PR P R \ "‘*T““‘\i\ h |
b b b B2 I B2 B4 B6 i %”1“ \ ‘I\
B2 IHV N
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b B4 S "\
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b b ‘b B1 BL B4 Bl
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®6 EMUTER L

iy Wr YA X BN & (kg/m)
B1 H-100x50x5x%7 9.3
B2 H-125%60%x6x8 13.1
. B3 H-148x100%6x9 20.7
B4 H-175x90x5%8 18
B5 H-200x100%5.5%8 20.9
B6 H-194x150%6x9 29.9
| C1 [J-50%x50x3.2 45
=1 BEMOEL
- %%
i s (mm) model-1| nodel-2 | model-3 | nodel-4
B1 600 30 41 35 63
7 1200 30 28 21 41
B2 | 1800 6 8 7 13
¥ Cl| 3000 78 116 100 146
3050 20 10 30 2
71 —2A|M16| 3200 42 46 28 74
3450 6 6 8 16
*8 BIMEE ke
model-1 nodel-2 model-3 nodel-4
P g 644 730 595 1116
B FE 1053 1566 1350 1971
T —A| 280 257 271 386
TR 4106 4411 3860 7107
HEL (48.1%) (57.9%) (57.4%) (48.9%)
=9 BREROLE
24 BT B LA 2 B T
7 : g 0.007 0.093
T —A 0.397
S 0.569 0.525

TG EAL & U CH R 7o Bk~ 600mm,  1200mm,
1800mm #H 3 2R L ZNENOELEALITRIE L7 3
DT L—ADMEARITRT (7)., £, HCHE
L3 TR—Wrm & L, & 3000mm Z il & Lizd
TETEMARERM L 22> T D, &6IT, A B 7
L—AZEARHR O BT, FEEZRM L, EERE
M OGRIER L AEE L OLEMEDT-M1 K8 THD,
WEA50%LA EDOENIG THIEHERI & 22 o T D EE D
Mo,

T BN B & [FIRRIC, (R A AT 2 A E &I
*4 DI HEM O EROEIS 2R L& 9 D
oD, o, BEFEETINVORKEOT L— 25 %%t
G LT, ZDIRLT EAEZRH LIZENEID £, T
D, UICBAL T, WAGMEGHEIOBRZ 5% 7o/ N

D 22U Z T= L1302, RERIED HHIGDV
SN2 EPY HEATERE & ST EERII o T, —
[IZBOTE, SEEETAOT L—2HTE S >&E N
EUTToD, BRYHABE & REENECT, T L—
AEIITHOENECRERE LTI, FRICL > Tt
HEFEY 72 0 OB ERH Y | D7RWVEETE L D
VAW ZEHLTZ0 | BN TUIZ T L—AR
FH NI T2 0T D H EEBEZ BND, #E-T, El
Y HT OB & HAAUER FEIBERE C, f, DA
BT L—ADIE L X MM DLERH D,

6 #&E

Aai ClLMIEER Db A B L, Hamd 2 JEuEf
BETED, TNLEBEOEEET UE > THIY (1
TV ZE T HRASFELRD D &) HlIEERE LT,
HAREZIE, BERYHENL O A 2 OFEETERE
T5ZE. BRIV OEY AL CREEAMERT S Z
& & BRI BEai b REE e =k LT,

LT, WERDT T AR RE T LT BT &
0 %< ORITEFIREE T HETET VERRDMENL, &
OV HAT B & SRR AR IR A A 2 i 2 B
[ZBWT, M EZ IR RN T & 2 BB OREN
WETH D, LLEEEEE X, WRlOFEEZRET DB
HERFHATREZREM 2 fIH C& 2 X 5 e TEE RO Q|
BRBT AT B IR LT Es st Rt A R Uiz,

SEXH

1) RARERE] BHE BB LT ) XA R DU EY
DTA THAINT A AET HII5E, B ARG
TERAROUAESS 601 %, ppl8l-188. 20085

2) IEMBRR, AR, WA, . MREE - SEH)
TEa 2 OGS FHETE & SR BHIORIERRET, AAJREE
SETESCHMF U EEER 28 7, pp221-224, 20053

3) Daniel J. Levinson(). FEIHERR) : 71 791 7 A O0H
5. skt 19925

4)  ERAFB: AZRY X4 INAX HIfR, 1997.10

5) fHENEN fEEAEMAEEGSHP 25 URL :
http:/Avww.judanren.or.jp/200/index.html

6) EFAL A LEE AT LDFE BEURL :
http:/Awww.uru.sekisuiheim.com/saichiku/index.html

7)) NEXPREANEIA S  EIRBREEXIR, vol44, No.l, 2008

8) E.Zitzler, M. Laumanns, and L. Thiele. : SPEA2: Improving the
Performance of the Strength Pareto Evolutionary Algorithm. In
Technical Report 103 , Computer Engineering and
Communication Networks Lab (TIK), Swiss Federal Institute of
Technology (ETH) Zurich, 2001.5

9) IR R, ERIEEL HIRE, AR - JE R
B L PRI L DHE T Ve VAT AN ar St
2004.7
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OWilFH— Y
1) RO B R P ARORF g v B, #, L7+, asayama@cck.dendai.ac.jp

1 [XC®HIZ
EH O IIASCHITE 22 8RR ET DIEREY AT
LOEENEZ BRI CIN AT Z & T, Bl e

HEDATREME AR 5 = & 23T 7= 92, A3 c Tl

FREE T, WEEO—FTH S 1930 DA
Fa WS O REZ 755 L, T OB &7~ T,
BN, TWINCAAET DHRAMBIG T, IR, IR, &
EOWTIUCBIFAET D, £ b Z RO L 912,
SFIZEDOREZ BT AU, mOMIE:Z 5D 53 F
HLZEHHHLILTND, AGRICTIE, (ZLDHIILX
—A OEFL L PR DR O 2 1220 OffIZED
WEZ/R L, 510 Oz b OZEMEEEL | (13E
[FATE OB S5 7 —F s A i LT, 2D
FIHARHS L rTREMEZ B LT, 7o, AR UERA
DERGIE, AFED A AR P ARSTRICRE LD
DTHY IV, = 2 ClIHT- 22 il & Nz T, 2Rt
E~DOICHDFHEME B LT,

2 SHhYDERER
2.1 EFEPEZIIBTS 50 YOREE

W IR, R, MR EANEIR & 7R 0 Rk x 2Rl
HOWPET TS, 10X 9, Vi EoOMmEET
JEZRG & LB E, IREBITI6E - (sl 9%, A
RN TR EIRIZET 5 & RIS L D =L —fila
NS 720 | FIISEERLD CEOEEEHET D2, 2
NEHRD EIEATNG I,
2.2 EXKAEAX

L <AL TN UL —A OFEERIE,

%%(v oV)+z+gz=*E ------ )

LEL ZLNTEDL, BEDOIDIL., —ERE T
BERERARP o=—7) & LTHRV 20T (1)AULH
FERT b b F LT,

R RIS

JEDIRY NTU R
ot e~

1 SRYDFKEAHD=XL

2 THKEESBETIZETSEOEN

E7b, K2 DL, FHEKE z=0 (L& P(xy) (23
FBILOTEIUL, B OHRIEANEE £ CORERE I LT
FNE VIR, (UK F TR LD Z &7 | 1E
BT L=V NSO ERGE O AU,

o¢ e

(atj +Qz=—TE e (3)
& 705, WOSKE ST OBREE V7 13K D 2 JTZENL DR
[SESZNI#APNE

Z 2T QADHHA AR t T TAUR,

°[26), 42
at\ ot ot

EVO 2l EI MU
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=2 C. MR 220 12V Th G) RITENETAD

0°¢ ) _g......
(atszo " g(azjzo - 0 (6)

FElo, WKz =—h TE, EFHMICREND Z LN TE

I2NDTC,
v, = (%) =0Q-eee-- (7)

—J7. BEAERRS & WKITHEREMETA L B2 D 2 L

MTCEBOT O, ZNEHXTROL I ICEKTZLnT
&2
° oV

dIVV—aV +av =0

oXx oy oz

2 2 2

09,99.99 _¢...()

oxX® oy® oz

WIZ, 970 2K 2 D xy FiEiNA EDH AT e ©
EEZ . EBITEOEEIEOEEIL 2 JTRIONEITK
FTBL LT, MERT LYo ZRDD, ik,

¢ =Z(z)cos(k,x+k,y — at)-----(9)

LIGEL T, (HADTFIZ

i &,

(8) Koz . BisREA:(6) |

N
Ll

Z DOfLETD
PRIEDNE LU

3 IRDELTAM & IRIBDRYR

E=asin(A-ct)=—i&
R0 WO THIICERT D ETEL DT L
DRIBI TN D,

HHED 530 DR A9 (1D AU, o BEETTFEA

g = Al +e % Joos(k,x + k,y — at)----(10) (1D (HRRALT,

HL, k? =k, +k, 21852 LTS,
2T KE 2 TR 2 HoREiEE LT H
@Lv,

\-(2)-2
oz ot

i, ®XEz TS LZbDE, K t TR L
T.x=y=t=0CBTA0HEE n= 0 &3 7UL,

5= ik(ekz _p-2hgke )sin(klx +k,y—at)---(12)
@

2R, TS nid KO 2 HROIRIEZ ST,

B DHEFT 7T &K

AIETIE, DRV B BITRT LD Rk [, m&
Fib, x, vy VEWNZACRE SV &5 25,

E=asin(Ix+my—ct)----- (12)

THEREDBUTHIE ¢ THAND 0 HFNZEATEY, K
20t 2T DHRIE & 1

0°n 82’7 o'n_1on . (13)

Py oy> o017 ¢ ot
il ST TR B 7RV,

k= k2 +kZ =@lc =woeer (14)

DERERFD Z ENTE D,
7, DA%

All-e™") .
n= sin
C
me+@2

k, k, @
X+ y— t
N N
LA, (12) 2L B AU, g & 15D BIE,

K K
/k12 4 kzz Ik12 4 k22
DFFEBI, (1) ATREINDMKD 2 J7m O n 1%
(1) FIn6, WOMEE o, Ao, MWIEDOHES h D
BAEZTH DD,

=| =cosb, =m=sind
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X 4 13 EROHERIZIE SV TR LT 9 30 OfREIE &
IKERDOBIRT, /K 100m, DM 20m/sec, i 10m
& L, MWKOR OB & NSRS FTANc 2 b3 DR AR
LCW5, i F 25m CTIdEiE)S 2m, 50m Tid 0.4m,
MK TIL 0 EKIEDEL 72 D224 CRIRITIRIEA Y N &
7B Z ED3IND,

3 EERICED (e

Z 2T, RTETRD 9 OFEARNITHSE, 9
A0 ZFFOWRRD X O 72 E LTIE L AT 5 2 &
ZRA 5, K51, 9 1 ORAXUZIB N TKEGEE 4000m

CREDIEPREG) & L, OB ¢, Hm hw, oD
TR 0 . JEE o . BEEhORKGEREH t 237 XA —X
ELTARRLIEIPIR TS D, £ 11E, Model 1~6 (2R
HRTA—=BDO—EHRTHD, X5, @). (). ©ITHM
(WMt L7 C fikfpiRs] 4 10, 20, 30 b & L7z
HDOTHD, K5I X, y FNIEMaE LT H D TH
%o K5@). MiEx, yHmE x iz 30° OH I
(Bt L7556 DB T k& 220 E 058 C& %,

WIZ, 73T A—H Z P O c=5m,sec, i hw=2 m,
WOARHTIAN,  x J51al, y J5Ta), 6=30" J5Th), oD
JE tw & x, y HIFHZ 6 Fh, 0 i 24 B, sk
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Truss Optimization Using Genetic Algorithm Considering Ultimate Resistance
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1 Introduction

Truss structures are widely employed in the indus-
trialized world. They appear as bridges, towers, py-
lons, roof supports, building exoskeletons or high tech-
nology light space structures.! Since truss structures
have regular structural forms as well as sole material,
optimal design of truss structure has always been an
active area of research in the field of search and op-
timization in the past decades.?® Recently research
focusing on practical truss optimization using Genetic
Algorithm includes the work accomplished by Kawa-
mura et al.%® However, research work finished so far
is still somewhat far from application to real truss
structural design for that many design requirements
are required for a practical truss. For example, re-
quirements such as allowable stress, maximum nodal
displacement, no crossing members, on collision be-
tween truss members must be considered and always
dealt with as constraints when using Genetic Algo-
rithm® as the optimization method. Based on these
design requirements above, this paper increases an-
other design requirement in the scheme of truss op-
timization, which is the ultimate resistance ability
of truss structure. According to the design code in
Japan, structural design procedure can be convention-
ally divided in two design stages. At the first stage, it
is required that structure can keep its structural-load-
carrying capacity under the load level of ordinary load
such as dead load, live load etc., or their combina-
tions. At the second design stage, it is needed to pre-
vent the structure from collapsing in a sudden loading
caused by a extremely big earthquake, or typhoon. In
general, structural members are checked their load-
carrying capacity by performing elastic analysis using

finite element method (FEM) at the first stage, while

at the second stage, structure is conventionally per-
formed plastical analysis to predict its ultimate col-
lapse load factor. The incremental elasto-plastic anal-
ysis method” is one of those plastical analysis meth-
ods, especially for frame structure. In this paper, it is
applied to the truss structure and the obtained ulti-
mate collapsed load factor”is compared with the load
factor of the sudden load case. By setting the ratio as
a constraint in the Genetic Algorithm, the truss opti-
mization considering its ultimate resistance ability is

therefore to be carried out.

2 Incremental elasto-plastic analysis method for truss
structure

The incremental elasto-plastic analysis method is
based on the plastic hinge concept for fully plastic
cross sections in a structure under increasing propor-
tional loading in frame structure. It assumes that a
plastic hinge would occur if the bending moment at
a section reaches the plastic moment, and will main-
tain that value with the bending moment increase in
other sections until the whole structure reaches a col-
lapse mechanism. However, for truss strcuture, there
is no bending moment, only axial force in structural
members. Therefore, based on the assumption of steel
being an elastic-perfectly-plastic material, we suppose
that a ’plastic hinge’ would happen in truss structure
when a member bearing tension force reaches yield
stress, or a member bearing compressive stress reaches
buckling force. Similarly, like the plastic hinge in a
frame structure, we also assume that members in ten-
sion, or in compression, would maintain their ultimate
stress state as forces increase in other members until
the whole truss structure becomes collapsed. As a

result, the incremental elasto-plastic analysis method
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can be used to predict collapse load for truss struc-
tures. Fig. 1 shows the collapse process of a plane
truss with a comparison to the occurence of plastic

hinges in the frame structure.

Truss Frame
o)
P<Pr 3
2 A
1
S
P=Pi1 3 P
2 A
Po— = — =
P |
| |
1 M 0
Pi1<P <Per 3 P
2
I " el
P1 |
| |
1 M. 0
P
Pol— — -
P |
| |
1 0

Fig. 1 Application of incremental analysis method to

truss structure.

3 Formulation of optimization problem

3.1 Statement of the optimization design problem
The elasto-plastic truss optimization problem for

minimizing the total truss weight with topology, cross

section as variables is formulated as

minimize =

f(x,A)
9(x,A)

W(x,A)
0

(1)

IN

subject to

where W is the total weight; x is the vector of nodal
coordinate and truss topology; A is the vector of cross
section of members; g(x,A) is the function of con-
straint condition. The total weight W (x, A) can be

further described as

m

W(x,A) = Z epilio + (2)

n
w;
J

where ¢ is the compensation coefficient of members

due to the extinction of the cross section at both of

i<Redundancy

their ends; p; is the density of the material of member
; 1; is the calculated length of member i; «; is the
cross section of member ¢ ; w; is the globe mass of
joint j; m is the number of members; n is the number
of nodes. A flow chart for the optimization problem
using Genetic Algorithm is demonstrated in Fig. 2,
where the step of 'Elasto-plastic Analysis’ is detailly
demonstrated in Fig. 3.

Generation 0

Radomly initial a population
Elastic Analysis
Elasto-plastic Analysis
Fitness Function

—» Generation=Generation+1

Topology GA| | Section GA Coordiante GA
Selection Selection Selection
Crossover Crossover Crossover
Mutation Mutation Mutation

]

Elite Population

Elastic Analysis
Elasto-plastic Analysis

Fitness Function

Generati pend

Yes

Fig. 2 Application of incremental analysis method to

truss structure.

Calculate axial force of each member though FEM under ordinary load
condition and set them as initial accumulative axial force.
Following steps are not to be continued if an unstable structure

Calculate yield force(Ny) and buckling force(Ny) for each member

[ Calculate redundacy of the truss structure ]

Utilize accidental loading

Set the cross setion of collapsed members saved to vector of COLLAPSEDNUMBER

to 0, and then form stiffness matrix at i stage using stiffness matrix of each member.
The COLLAPSEDNUMBER is empty at the first stage.

[ Calculate structure through FEM under utilized load l’orce>]

YES

!

lEigeuvalue of stiffness matrix st =0
N

For each member, calculate the ratio between Ny,or Ncy,and
absolute axial force under utilized loads.

Find out the minimun ratio, and save it to vector of
PHASELOADIi] as phase collapsed load factor at stage i.

The truss streuture has reached a
collapsed mechanism. The collapsed load
factor can be obtained by calculating the

sum of PHASELOADIi]

Members with ratio being equal, or quite close,

to PHASELOADIi] are considered as collapsed members,
and will be saved toCOLLAPSEDNUMBER

Add increased axial force to the former accumulative axial force to calculate the
new accumulative axial force for each member after stage i.

The increase axial force is obtained by multiplying axial force under utilized loads
by PHASELOADi]

Fig. 3 Application of incremental analysis method to

truss structure.
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3.2 Fitness function

A fitness function is of a great significance to eval-
uate the individuals at the phase of reproduction in
Genetic Algorithm. The inverse of total weight multi-
plied by several penalty terms associated with the vio-
lation of constraints, is adopted as the fitness function

and mathematically described as follows
Ffitness = [W(XaA) X (H pstressj)01 X (H pdispj)c2
J J

X (focollapse)c3 X H(O4pangle) X ('Ycross)k]71
(3)

where W (x, A) is the total truss weight; C1, C2,C4, C4,
including the later explained C5, are the weight co-
efficients of penalty of constraints corresponding to
stress, nodal displacement, collapse load, and angle
between members at joint, respectively. Specific penalty
terms for those constraints are explained in the follow-

ing sections.

3.3  Constraint on allowable stress

The first design stage allows no member stress to
exceed the allowable stress. Suppose the characteris-
tic value of strength of material is denoted as F' with
consideration of the long term effects of loads, the al-

lowable stress for tension members and compressive

members are

p— 4

fo- L (@
04GR p A< A

fe=9 oom (5)

where A is slenderness ratio; A is the critical slender-
ness ratio; vand 0.277 are safety coefficients according
to the design code in Japan. Therefore, the penalty

term for stress psiress in Eqn. (3) is specified as

Iz=| if ol > |oiiml
Tlim (6)
1 otherwise

Pstress —

where oy, represents the different values according

to the stress type in question.

3.4 Constraint on displacement

The penalty term of displacement pg;s, in Eqn (3)

is defined as;

dlfm Zf d< dlim
Pdisp = (7)

1 otherwise

where dj;,, is the maximum nodal displacement set by

designer or related specifications.

3.5 Constraint on collapse load
To avoid collapsing in an accidentally big load case,
the collapse load factor of the structure calculated by
elasto-plastic analysis must be larger than the value
of the sudden load case at the second design stage.
Therefore the penalty term peojapse in Eqn. (3) is
described as
Lif N> A
Pcollapse = ‘ (8)
1 otherwise

where ) is the load factor of accidental load and A.is

collapsed load factor.

3.6 Constraint on member interference at joint

As can be been in Fig. 4, interference between mem-
bers at a connecting joint should be avoided from the
view point of construction. As a reslut, the angle be-
tween two members needs to be limited to a certain
value to keep them from colliding with each other. In
additon, the interference is also associated with the
connecting globe size. Therefore, the globe sizes pre-
pared for selection are to be tested in an ascending
order for assembly without interference. If the largest
globe size for selection is equiped with out satisfac-
tion, the angle is to be penalized. The penalty term
of the angle in Eqn. (3) is

gl?m if 0> 0um

Pangle = (9)
1 otherwise
where 6p;,, is the limited angle when maximal globe
size is equipped.
3.7 Constraint on member-crossing
The existence of crossing members is also consid-

ered as unviable from the view point of construction
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(Fig. 5). Therefore, distance between members is con-
strained and the correponding penalty term is defined
as (Yeross)® in Eqn. (3), where 7.70ss is a constant,k
is the number of pairs of crossing members. The prin-
ciple of judging member crossing is
C5 if d<Ra+Rp
Yeross = (10)
1 otherwise
where R4 and Rp are the radius of two members;
d is the distance between the two members; C5 is a

constant greater than 1, given by designer.

Slice face

f
Globe appeJ Pipe
)
Bolt Slip

Fig. 4 Interference between two members

Fig. 5 Crossing between two members

4 Numercial Example

The analysis model is a double-layer space truss
structure restrained in all directions by pinned sup-
ports at its four corners (shown in Fig. 6). Loading
contains a vertical uniform load of 0.534 kN/m? on
the top and a seismic load of 0.98 g in the term of ac-
celeration in reverse = direction ; the g represents the
acceleration of gravity. The vertical uniform load is
assumed as an ordinary load at the first design stage,
and the seismic load is considered as an accidental
load at the second design stage. In fact, both the
uniform load and the accidental load in form of ac-
celeration are transformed into single loads when per-
forming structural analyis during Genetic Algorithm.
All the lower chord nodes are allowed to move in a
range of up to 1 m from their original coordinate. For

all truss elements, the Young’s modulus is E =205

Gpa, characteristic value of strength 235 N/mm? ,

density 7.85 kg/m®. The tetrahedron is used as the
basic stable element*when generating truss structures
at the first generation of Genetic Algorith. The gener-
ated structures are confined to a ground structure® %as
shown in Fig. 7, having a maximum member length of
5.1 m. Several commercially available cross sections
and globes for selection are listed in Tables 2 and 3,

respectively. The GA parameters and constraints can

be observed in Tables 4 and 5, respectively.

N .
\L/
A
=N

i

7 Voo

RN
'

R T
'

OPinned support

Z&HHHHHHHH

Do
>@i‘ |
&
e
3535.5

~~Movable nodes

Fig. 6 Domain of double-layer space truss optimization

Fig. 7 Ground structure

Table 1 Cross sections

Number|Diameter|/Thickness| Area [Moment
(mm) | (mm) |(em?)| (em*)

1 34.0 2.3 2.29 2.89
2 42.7 2.3 2.92 | 5.97
3 48.6 3.2 4.56 | 11.82 —Il\_f?lglllfeg Rag;illgsbel\/?ass
4 60.5 3.2 5.76 | 23.7 (mm) | (k)
5 76.3 3.2 7.35 | 49.2 I 550 10514
6 76.3 4.2 9.51 | 62.03 3 25 252
7 89.1 3.2 8.64 | 79.8 3 550 1 9.03
8 89.1 4.2 11.20| 101.18 1 65.0 39
9 101.6 4.2 12.85| 152.6 5 =50 [13.09
10 114.3 4.5 15.52| 234.32 G 90.0 123.97
11 139.8 4.5 19.13| 438.17 - 100.0 | 32.88
12 165.2 4.5 22.72| 733.94 3 110.0 [ 43.88
13 165.2 5.0 25.16| 808.05 9 130.0 [72.43
14 190.7 5.3 30.87(1327.45 0 150.0 11126
15 216.3 4.5 29.94(1679.76
16 216.3 5.8 38.36(2126.05
17 267.4 6.0 49.2714210.72
18 267.4 6.6 54.084600.50
19 318.5 6.0 58.90(7193.19
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Table 4 Constraints
Table 3 GA Parameters

Adimissible stress

Population Size 60 Maximum displacement 75 mm

Generation Size 2000 .

Probability f Section types <4
robability for Crossover 0.80 Collapse Not allowed

Probability for Mutation 0.06 Member-cross

Member inteference

157 N/mm?

Not allowed
Not allowed

The optimization run on WindXP 2.61GHz AMD
64x 2Dual took 5 hours 27 minutes. Fig. 8 shows
the variation of the weight associated with the string
with the highest fitness value in each generation of
Genetic Algorith. It is noted that a great decrease in
total weight has happened during GA evolution his-
tory. The optimal truss structure obtained after 2000
generations is shown in Fig. 9, in which different col-
ors represent different cross sectional areas. It weighs
only 2.06 ton, almost 10 percent of elite at the first
generation. From its side view, we can find that the
lower chord nodes are effectively moved into a me-
chanically reasonable form (shown in Fig. 10 ). The
collapse mechanism is shown in Fig. 11, having a col-
lapse load factor of 6.2g which is larger than the value
of the seimic load factor (1.0¢g). In addition, from Figs
12 and 13, it can be observed that other constraints
are also well satisfied. Consequently, the truss op-
timization with consideration of two design stage is

successfully and effectively realized.

164
14-
= 124
2
= 104
i
]
Z g4
=
2
e 64
44
24
1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " ]

0 250 500 750 1000 1250 1500 1750 2000 2250

Generation

Fig. 8 Optimal truss after 2000 generations
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Generation:2000 Weight: 2.058 ton

Fig. 9 Optimal truss after 2000 generations

Members in red are collapsed ones Zﬁ AN

X

Fig. 11 Collapse Mechanism

-30.55N/mm2 148.65N/mm2
1

Compression Tension

Fig. 12 Stress distribution



-25.68mm

Displacement

Fig. 13 Displacement distribution

5 Conclusion

Incremental elasto-plastic analysis method is suc-
cessfully applied to calculate the collapse load factor
of truss structure that is the fundamental design basis
for structural design at the second design stage. The
obtained collapse load factor is then imposed as a con-
straint in the scheme of truss optimization using Ge-
netic Algorithm (GA) so that truss optimization with
consideration on both the first design stage and the
second design stage can be proposed. Numerical ex-
ample converged at a simple and light truss structure
with all constraints being well satisfied, indicating the

successful realization of designed scheme.
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