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Shape Generation and Optimization Technique of Space Frame Structures
with Ellipse and Vault Complex Type
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Abstract

Space frame structures are included in the large spatial structures and can adopt various structure types. But, it is not easy to
choose the optimal member size and shape because it depends on the structural engineer’s experience and the repeated trial and
error. Therefore, in this study, the final goal is to help the designer with the selection of the optimum shape. First, various space
frame structures with ellipse dome and vault complex types are chosen and the shape generation method is considered to generate
the nodes, coordinates and members. In optimal design process of space frame structure, each node coordinate changes according
to height variation or the number of rings. Therefore, the auto generation technique of nodes and members is required in order to
consider this phenomenon in optimal design process. Next, the shape generation module is created, base on the shape generation
method. This module is connected with the analysis module and the optimization algorithm. Finally, the example model is
presented for the evaluation of the efficiency of optimization algorithms.
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do i=3, nring+2

— select case(no_ellipse)
case (1)
start_joint(i)=start_joint(i-1) + 5 x (i-2) ;
case {2)
start_joint(i) =start_joint{i-1} + 16;
case {3)
start_joint(i) =start_joint(i-1) + 8 x {(i-2);
case (4)
start_joint(i)=start_joint(i-1) + 16;
— end select
L. enddo
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© do i=2, nring+1
s pum=start_joint{i};
e_num=start joint{iz1);
num=e_RUmM-s_num
~~ do =1, num
k=k+1;
— select case{no_eilipse)
case (1)
theta=360 x (le-s_num) / (5 x (-1));
case {2}
theta=(360 / 16} x (k-s_numj;
case (3}
theta=350 x (k-s_num) / (8 x (i-1}};
case {4)
theta=(360 / 16} x (k-s_num};
— end select
If (theta <=180) then
x_coord{l)
y.coord(k)

IS€
% coord(k)
y_coord(k)
L end if
L endde
z_coord{s_num)
z_soord(s_num+Lie num-1)
- gnd do
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y_coord(i) = (L,/2)+(Y(D,+2—i)— ¥{i))/2

X cos (7% 30)
2_coord(i) = Z(3) (5)

Y <2l o) 39 HE 99 yafsieln)
£ 2o MRS o) A8 AHeErk

Zke Bere) W7k SAlshe Z2soln] ol
e 5 9o QRS 2R AT glol e
ofel g}, olo) w2} WA A4 (6)415 2ol

e & Qk

o fr

Num_Node = (Dx+1) x (Dy+1) (6)
+10 (real ((D,+1)/2))

AL V|ES BEY FRES AA HAT

rlo




US4

°ﬂ w2k 'T"XH"T‘7]' %’S}Bi real
dE /\F%qu AFE HEd APE AE3ES

BAGAES] A4S 71 BEY fLXo YA
HAE A4% 5, ¥rldo g MAH 3/}%;_}_ En
o] YA dZ9o,

ERIEE 3 BEERY 2uols Q) L2
3 9] FFE m2dlr] A% HZAHA ZES
Modeling ~ Module, Analysis Module %
Optimization Module®] A|747] Bg2 €t} o
714 Modeling Module& Z=#]o]2 2] &<l
43} Gl 2710l hAe) vlwg et s
AAlshs GUIS FHlE AgstA =]v, o]$ H 4}
A Me 2 dAui @aelEtto] Agdct. kg
A R EE ool TelY FEEY T
1 A A A $0) A9, 7k
o) WA JHABE Fok 78] Aol g
z Zéé o] Heleke] BAE Lolll= A
Hrol 245k o]2g Analysis Module2
Optimization Module# 2% 7] wjof] £ A0
A1 Optimization ToolZ A&} = DOTY 942
AAVGE mefsle] TAEH St HEHOE 2uo]
2 2E9) 7289 4 AFE AT dndse
Optimization module 2 £3) <18 8>3} 7o] H&
.,
1) Modeling Module$- &3l 93~ 44 54
Batw, 2l dEE dFuolelol HXHEA N 2
L3 #ERPRE Y=k
2) Analysis Module& 538} Foi% 27) #7g9)
WE FxeAE FRI
3) Optimization ModuleolA A3 9
Aigre] 23 3 HAAANRE J9do
4) FAYrE AL 72 H’v‘i 23s ol-g-st
o 4% BMO%\ W& FE2ASS A
5) #23} Tool?l DOT"& 01%5}04 HH2AE
FYst. DOTAM=  37FX19]  Optimization
MethodE AlF3taL glom, o] F A%HAY 24}

=

ot

L1k
=4
73

218l A

-—

t
“-?L

A ZW(SLP)S A3

6) & ‘??74]»4 JMW?%] A}E o]g3te] A7)

7) FEERA UEE drix] Frs|An JHA
AE WETHIT

8) FEzel TEaE AT WE HEE
33l HAHAAAHE Output Data FileZ 473

RurProgram
e ——— .
Modeling, Property,
Load, Boundary

Shape Generatian

e

o o o o n of

¥
Evaluate Objective Function and
Constraint Condition

'3
l Optimization Toof l

X

Design Update

Terminal
Criterion

e o e 2 e e

____________________________________

¢ wakeOuputDatafile )
(38 8) WA 2mst 5EE

4. Oﬂnﬂggé %cr GIAIAHAL OI ﬁm

- 0000 & -
?J' Hol'e_!‘
27 A AAE FAAR A} ool tiE HF

HES 53 2ol miy 2B HAYYS
7;53}33} gtk o] f8) A 7t= Zo] 100m,
AZ Zo] 50m ¥°l] 15mE Z+= HE¥E % EE
%%*04 dArde] nesde, B 153}
of g HAAHA A4 Fo| Ml HE
A Fe vlaskch

118_Hl 103 Ml 4% 83 122, 2010.12



EtEY X SESEY AHolA DY FRE0| S 4 A X3 wet

= gl
= L=

4.1 EIQ

oo

HA 7H] B85 2o tisl] <F 2>9 2
= 2s 4 S3t] 2AYE ¥ HHnE 9
9> oA 29 F 2 ghda) el

50 m

17
S 411 S

AAA
4474

(72 9) B £ molo| Ak

HERd Arv|e e d¥EY JeE s
712 9 AE ZolE EEsl9on, ol 15m,
g Aes 10ME A3 T2EY] Fee
Single Layer® 4%, vpAet & 9] HHYS
AHO R ot FAAZRAE AASATh

H

(X 2) EIEYE 290 7R

JIEZo] 100m
AZZo] o 50m
BH19] #9] n 15m
75 n, 1074
Layer €| Single Layer
AAZA e g 9o AREs

XA o= 7MY

Ay HJPH =4 plate connector
o 19 A
st 2815 500KV
g B9 AR 2712 plate connectorZ 7}
At %34%7‘01741—r KZe 1.020.2 391 A
Az B¢ HaE HolA RARH =2 7Hg3)
Atk Z71RA= KSTHA VoA Fol S5400 93

A PA07x45 EAE AATAE, B AT
*1“ 47‘45}031 v 2 AT FERE EE‘:‘r

oA AE7] A 2719 i’JrﬂW s
J 22 o= gk HAMAY &

£r1
Fr

9. X0
EE

A = 23
24 F Foloh FAAVIE AP AlfEde
2 §YE FAEATIE WE §88Y WAE
WA Fates dAsiglon, Ay Wee BE

A W7t AgAE 9A Htes AAA
. 2 AgdAldAs FAASHN 7 2ol
1/700%0 143cmZ A3 Ath 3 1§53 s
2 o] Wsle W& EF ¥z 9
A3l <3 3> o] 6742 A5-F 4
AE FYs3h

(% 3) CASE & HE HAg=s

CASE 1 wHA A 1
CASE 2 oA A 10
CASE 3 Ay A 20
CASE4 | @38 A+ =0l H 1
CASE5 | ©¥3 A+ Zol H 10
CASE 6 | @838 A+ EolH 20

dutd oz HAjo F/HE tpFetA 28
o F2 HAHA AR5t FEAR & 4%
e AF4e It A 7 B8 1
< AAlEkTh CASE 13 CASE 4= TFE9]
A B BUI 2719 @Y FAR o]FojAe
%01, CASE 29+ CASE 5% 43 A9t
A T FAZ 75t 10702 1FF8AL
CASE 33 CASE 6& A9} AAlE 242 thE =
719 BAZ FAste 2008 2§93 9]
g CASE 1~38 AANSFE G Aths %l%
3 73-%-0|8], CASE 4~62 T A} o] HY
Wals Aol 2Egk Aot

<P 10> 7} ARl tigt 27)F5H 4
A 283 a3 AAES Hgo) wE ﬁz—i%—
T#jmoln <X 4> CASEWH JHF5H 23, <%
5> 189 7|FE 1702 A4 3E CASE 13 CASE
49] HA4A F AANS] HgE Yeph i ik
a5 N8 NE A3 CASE 19 CASE 48

rz{m

oft, FF rﬁo&am&

H

41

ot o

re
Okl
\J

I

B
1o

IIUPLZAIUA _119



e - Y

AHEE A3 & 2UEHEY 9 & FEe Y
ERAL Qit} ole AR 718 AT HAe
e} obdg FHse ALEH FAe o
31888 wEtA FASE & F Jth giRE
9} CASESIA theFst 1585 37 wolo) BA=
71& Ao AAWSE el CASEAA o 3L
HAZHS JET S & 4 Uitk 74 By
of tha] CASE 15 71Fo g3l HAFae] A7t
s vasiRy BEe A 76%, ALHAE
2 90%, He2 2pdel 52 91% 183 el E
B2 2% A7anE Jepo

3 289 ZdRFd uet AR, ¢ 1F
B NEY 4ol HEF AolAT 27 tgE2A Y
elgtch @] 153l 4G FAjL ARAe] Aol
7} A9 FY8A 2dyH FHE 2 FHESE
< AAWS 2 253 Agrt $25E F% 47
Bt AXe AHRE vERLY, A9k AR
dolo] Ztol7} A& ALHAE 2 A Hde}
w2 o7t g2A Yegt ole FXEY A4 F
o] @] Z7] By ol AAMSE AL
TREY Fo] WA Ao ek HA Zolo
FFE o, o] ff 253 Y ¢ i A
o} 283 SEo] AFHE XY v A W
Bo] Q3 W Ao HoErh 2 JPae
A 2534 GA} AR RS 153819
= HHLAA HFY FHFETEAE 7L
AME F2EY Fe A RA 2153 W
W 9 253 /e 288 et IS ¢ F

AT

Oznsy
s ' .
o HWCASEY
000 BCASEZ |
A BCASES
5000 J
A BCasEs
% 4000 BCasEs
k] WOASES
{lny 3000 i
2000
w00 .
3 deil Rl
RibBome Schwsedier Dome
EHEE RS

(% 4) CASE ¥ z5z"

Rib | 4186 1262.1| 401.7 | 387.6 |1230.5{ 338.1 | 306.9
Geodesic| 846.9 |6092.1| 636.2 | 685.5 |6044.4| 614.9 | 746.8

Parallel

Lamella
Schwedl

er

1120216780.1| 627.1 | 592.6 |6806.3| 640.1 | 607.5

701.3 |3033.9| 640.6 | 605.9 2432.4) 563.1 | 537.7

(& 5) CASE 12} 42| X4

= M
Syt

5 )

4 pisf

%6 % 08 | 208 <07 | 4951

Geodesic| 511 12 | 519 x 12 | 1146
Parallel

ol w9x1 [ sexi1 | ww

Schwedler] 307 x 09 | 325 < 08 | 4872

4.2 2EE=EE 28

<@ 11> D <E 63 22 BERFY 2o
2 Zgde A RdS aeEgith or)A 271%
A g ARE 208 BdY HERdy gon A
Az A BE FE9 y& V& 8 289
&HA F R JERES AAY ez 7MY
stk A83l5e BEEYHS 72 F BE F
Bl 485 25 w/mr S e Ao 7MY
o 271FAE BEE FREY 2L 55400 93
& P190.7x45 BAR dAsPen, g F
L8 FREY & FL 4077 o)ty A THE
e 2MZdolo] 1/7009] 143 cmZ 4A3IATH

(% 6) H2 2o 2
e

S x 2ol "(3;,1-:; 2ol ;()m)
B B e

Sy ~ulZo] 50m
S E0|(H) 15m
E2E RE B¢ ZRE 10, AR 10
Byl 29, o 9%
ARz T e o] FAA%
i Lk
azza EE HEo|

FAEE 25 kN/m?

120_H 102 Hl 43 B 422, 2010. 12



EINE W =S8 AROIA D¢ TR0 S MY I Xt Yot

50m

7 Z
T / NI 5m
Ly L] RN

| Bm 50 m 25m

2

do o B 2
o >

1l
AR S5t <® 753 go] kA A

L

A + Div (—,—7-0-0')

A+ H+ Div

<i 8>& HAEAZHRE JEhd A, CASE
& 71F 2.2 CASE 29 73 61%, CASE 39} 75-
10%, CASE 4¢] 7% 65%2 F#FA7axr} Jde
Ao g Yyttt A4 mdo) uel SHE7Ee
AEE zol7t g F AT o] KAl dHa
7] Bk ope} AARE Fup BEE o]
2 ZH A JA =ol7t F2EY H
< QL VA AL ¢ F Utk &3, 2Aa]
o A HA solu AXNET £ AAWSE
S CASE 24} 31t} & A4S 1838 CASE
49] AeA oS & FEdrads yepdth 1
v B AN dHdn AR Foe A
g CASE oM % 47 5371 24 EA et
Wt o]Ae B Aol AT EEERIES] 3
484 A9 292 sEth 44 deolA
TE2Y 959 589 9 JigUt BEFEY

3
Aol B

B 59 4250 Q0] o] B 449 3% ¥
& 57} ZolBUA 9 715w FolEglon F
Ao Bol7l A7} W g8o] AR W] 2

FHoz wHel AVPF AX HA FHY HUE
F7} AL Aow HuHT

(% 8) CASE ¥ #54dH 21}

CASE 1| 1388 | 1.0 {1500.0/10x10] 21954 | 1.00

CASE 2| 1430 | 09 |860410x10| 8752 | 039
CASE 3| 721 | 1.0 |1500.0] 6x9 | 198389 | 090
CASE 4| 143 | 10 |7431]12x9| 7889 | 035

5.2 E

B Apolie BAY ¥ BERGY 2ujol2 =
Bol FEES FHO.2 thFR Fr) BE 394

9BE 2 2R
a4 mde] A% A% e Be AL AR
o

1) ARk A W A A R ol8ste] 7]
2o 995 FPPIAIS BANA BAE
3 BEEREY e ANHeE B 4
gl WyEYe A% JAE FEs

) AHE GABAALE A§F FAYY BE
& Faol WA} Aske B4 ER 29
2 mAY FEES F9YY & 9T 19w 7
zyvle] YPEAaLE AANAN ARG
A8t 27] 0 YA A AAE FEN E=H
PPARRES AR5 wE0] B8] A3 o
Aviet AAse) Wad) e WsE F4e @
& % 990

3) BAEEY BERHHY AARDNN HY
88 AE v, A4aAN A2 Sy
£33 /107 GHE AANS WS ol
o 7o Feish WA FAe 250 P Y 1
$9 A48 1eT 490} 98 ¢ 4 ok

4 Fujol whE FAARPe)] TR A4

Aol 9L AL AL AT 5 Atk me
BEE U BEEGE svols xag) TEel




Uz wam

2 A

A

ol 3

T ohe} the Fee) HAYAN R
Ug/kgu % 13 1,],__ _424/\4741 73}}-«
Aoz BaE,

ot o] & dTolq AT WeiE Tke
of therd Wl FPAPPRL FrE ofF
Modeling Moduleoll 2-83Pd AF-oflx] 2o
ZEdel HHEAN E 25 F ZoE #ud
o

ol b

o ME & o

&
o}
=

lo oS}L (‘-{‘E’%

T
N2 ul
Hﬂ
rAa

}mm

it

&

1. 3=77233], KBC 2009 77244, 2009

2. 497, AARAA 7128, =S8 25, 2005

3. Shoshichi Kobayashi, =134 3% 2] w73}
8, A7}, 1998

4. GS. Ramaswamy, M Eekhout, G R Suresh,
Analysis, design and construction of steel
space frames. Thomas Telford, 2002

5. Vanderplaats Research & Deveopment, Inc,
Design Optimization Tools, 2001

6. John Chilton, Space Grid Structures, 2000

7. LM.Smith, D.V Griffiths, Programming the
Finite Element Method, John Wiley & Sons,
1998

8. ES. Kameshki, M.UP. Saka,

geometry design of nonlinear braced domes

Optimum

using genetic algorithm, Computers and
Structures, 2007
9. &L, %ﬁl o|A%, 3D Bl Z2I3hs
g W, e
Fi gzl "‘f""iﬂ =24, 79, 13, 2010
10. A& oJFF, Lol Ly
) %‘5-%94 ﬂ;‘—‘@fe— AT B8 W
H@zses] =74, 257 123, 2009
11. Az, "’“’éﬂ, 016 +, *“‘@rx—i 743'1“?3*9* 01%-

g
12. 435, o8, %fﬁ, AT 9 28s

13. o5, 393, 928, 032, A5F 2P

273} Ay g, jeaFe e
3 =%3, 274 1%, 2007

14, 428, 2ol Y FEANS
w loleplol2 Bele, HRASA B2,
214, 83, 2005

15. o4, B3E, WINFEEY B3

i
ol
I
Iz
23

3] =57, 1849 13, 1998

16. &8, 29 A 14Y, 2489, Adolx EF

22 7z g FH3 7= A T2
N, = 2skslA], 1998

Aedat © 20109 7€ 159
pAA 2 YA 20109 129 1Y
AR ARG 2010 12€ 24

122_Hi 103 Wl 42 B4 423, 2010. 12



