IS TPHNE Vol.38 A (199243 A) TARFR

g — DI O — D DBERGEERFETE TR ICE D W T

On an Optimum Design Calculation of Structural Cable Networks

BHE #lk - =
By Yoshio Namita and Hiroshi Nakanishi

A method of optimum design calculation for structural cable
networks is presented. In the analysis, the solution satisfies
not only statical and design conditions regarding the equilib-
rium shape and member forces under stationary loadings, but
also conditions under superimposed loadings as to member forces
and deformation as well as cross-sectional areas of members.

Nonlinear optimization technique is used, in which the objec-
tive function is formulated in terms of "Desirability" with
regard to shape, deformation and member forces.

Numerical examples show that a variety of solutions are possi-
ble in accordance with the design philosophy as to shape and
stiffness by adjusting the value of a weight attached to each
term of objective function.,
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B, FhFh. 5t/nd & U4 5X1074m D <
LHedZLhbds.
RBN&URDEE

Member sectional area (x107*m?)

&
o

-
o

-
o

3.5

3.0

Allowable domsin 64

63

—

FL: denienbunbenle. 13 ]

2.1 2.2 2.3 2.4

Tension coefficient (t/m)

Fig. 4 Contour line of objective function

Table 1 Iterative process of approximate solutions (Example 1)

) 1 n AQD“(H AAP."(i) S" Wn(i*‘l) (P(i‘l) Ap(i+l)

ERY MLAPL, D 1] 1] 1.7220X10°' | -4.544X10°*| 3.218 62. 207 2.554 4.584X10°4
BECAA, (1, 2] 4.3150x10°2 | 9.778X0°° | 5,755 86.927

= Pon 2| 1]-3.3428X107' | -7.310x107¢ | 1.588X10" | 62.157 2. 501 4,567x10°4
25w TH 4 X8, 21 2.1450%10°2 | -1.616X10°%| 1.0 62. 165
o - t/m m? t/m m?
N0/ ?&(39)0) 2] Ttons.8KD
HEEW, "V %

NENDOMIE UBMIC BT 2% Table 1
KR, £k, thEnOBELEE TR

sectional area (Example 1)

Table 2 Solutions for tension coefficient and member

BN&Y A=10BLTI0 ' DEFLFRIC

-

B UEBENRY MVERDTHIN,

—

Case 1 Case 2 Case 8 Case 4
P 2.534 6.882 21.708 68, 266
A | 4.568X1074 | 4,567X10°4 | 4,566X10-1 | 4,565X10°4

DEIEANY MVEVES 2 2 HOELRD

56, HNEEOENNEL 23 F50ELBOERTable 1 OBREMICTRT. H1HOHETIE, W, @ =
62.207<66.927CTH 25, n=10FDOEE2REOELRICL S, H2EETHW, 3 =62, 157<W, ‘3 =

62.165TH5H 5, FRICn=10F 2 REOHLRICLD. ZORELICKY,

(W(z) _._W(3)) /W(Z)

=8.038X107'<ec=10"2k oV, PUORGHIHEEZND. FiRDLDICFig 4 DOEZORBEIRD M
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THEILBbh 3.

Table 2 ICHRIIMREL L IHITEIROME, /=, Table 3 ICEIEHE T TORBIAR OHH SR L 367,
BLV, BEREICL2HMSENLBH NOMEERRYT. Table 4 ICIIE LSTEOBCRRREICE 1T 5 28K
DED 2 FH, Thbd, TEHKE BEBROSSBEZO 2FM (| R(12) , ZHRBORIFREPD
BMezOEBELDED 2R, EMEHEICLIHEEMD 2FEM (|| x [12) BIUHHERD 2 fE2RT.

Table 8 Completed state and deformation under

superimposed loads (Example 1) ® X
T (.
Completed state Deformed state L K¢
Shape Member | Displacement | Member ¥ Cs
X Y force X y force
Case 1 3.946 [3.950 | 14,150 -1,447]1.048 | 22,350
Case 2 1,453 |1.454 | 14,145 -0.533 | 0,386 | 22,344
Case 3 0.461 | 0,461 | 14,143 |-0.169 0.122 | 22,343 Cy
Case 4 0.146 | 0.146 | 14.142|-0,054 | 0,039 | 22,341 .
n ton m ton =2
(1ton=9. 8kN) -
2
Table 4 Sum of squares in objective function (Example 1) ;
w0
TRIZ [ (P-P %] Txlf [ (L A)° 5
Case 1! 52,17 0. 2853 3,193 6.505x10-® ~
Case 2| 75.15 23.84 4,333%10°! | 8.809X10°7 Y y
Case 3| 91.21 388.4 4,350X10-2 | 8.850X10"8 ®
Case 4] 97,09 4317 4,480%10"% | 9.096X10°°
m? 12 /m? n? n®
(1ton=9. 8KN) Fig. 5 Completed state

Table 2 TiE, BEHHEBUL, Case 1, 2,...DJHICKEL 2o THY, HHUERE L, BHEHLHIZES
LWMELZRSTWS., £k, Table 83 IRT LI, RRBROHSEBEMD & UREHERIC L 2 HEENM
OffizCase 1, 2,... OHEIC/PNEL RoTHY, Table 4 £V [R[2BLT (P—-P,) 2 DERZEICKEL,
Ixll2B& (LA) 2 OERIEIC/NELA2TVEZ RIS, ZhiZMAEMICHNT2EE U WER
Qx; ECase 1, 2,...OMHIC/PEL LEKREZHWIICRT S OTHS. Fig. 5 HRBRBICBI 28820
BEEZRTHOT, NOLDICHA2 OEBIICase I~4DZhFhiIcDE, BAC,~C, kY, JEKREIAL
ISETOTWS, Zh&Ulase 1, 2,... OIHICHEBFERIK L 2B/ N (ARENBEV) TEREIED
NTWBZEeWbh s,

(DFEBI2 : r—TNISR 0n .
ps.()m—-l-— » oy -or—n ——r- ” —’r— " ——1-— At 1/—»1*5.0111*'

1t 1t 2t *lt *11: *It +].t,

@ X *lt ‘lt * * l |
l Hanger cable

Secondary cable

Fig. 6 o —JIL k32
ICDE, TOTERELRE
T35 LEIC, BRPTHBE
BICHNT B #ET LRSS
HER U CEHMETERE JUE
T5.

Table 5 &2, 3Wict
hWEhBHOBRREZ2R<EE
HES L UCREHES, $54, Fig. 6 Example 2: Cable truss
S #ic C o@®E o HERRA

Primary cable

« 4, 95mske- 5. 05+t 5.0 |
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Table 5 Loads, target shape and completed shape (Example 2)

Node | F¢ F,. | Target shape Case 1 Case 2
No. | (&) | (B X Y X Y X Y
1 0 0 0 0 0 0 0 0
2 Lo L0 5.0 1.8 5.084 1,692 5.012 1,758
3 1.0 1.0} 10.0 3.2 10,109 3. 090 9. 995 3.176
4 1.,0| 1.0} 15.0 4.2 15,081 4,070 14.984 4,210
5 1.0 1,0] 20.0 4.8 20. 028 4,672 19,981 4,874
[ 1.0 1.0 25.0 5.0 25.0 4,881 25.0 5.182
7 0 0 0 15.0 0 15.0 0 15,0
8 0 1.0 7.5 | 12,45 7.674 | 12,975 7.308 | 12,202
] 0 1.0 12,5 | 11.25 {12,652 12,007 12,350 | 10.850
10 0 1,0 17.5 | 10.45 |17.623 | 11.352 17.379 9.997
11 0 1.0 22.5 | 10.05 |22,623 | 11,038 22. 436 9. 595
12 0 1.0 25.0 |10.05 |25.0 11,039 25.0 9. 596
(1ton=49, 8kN) (unit: m)

RENTWS, £/, Table 6 O 2, SWMICIIFH OBIRE
LEH IO BEENEA DN TS, BERFEL LT LEH
(ERYHM) LFHM R OHROmSTHRESRIC2ton,
Z OROEEAICD W Tidltonk LT3 (RIS & 1 Table
5 WEEBOITT) . BHERICLIMANELLTE, Zh
FhOWHBERDL/ 2RSS T BT S, &
k., WHOBERTERE LM, TEM, BHOZhEhCD W
TI1ET2OER2ETE 2E2DET S, HER2ED B EHOTHE
L UT, BHFKICDO VT idTable 6 0 BiEEE, HMomy  Tie 7 ggkmdmd@ﬁmw
L L TldTable 7 O 3MOEE V5.

7, RADICHBITS qr FOMOEERDED ICE>T 2EY OHEERITS.
Case 1: qu=O.5m, q¢k=<PBk, qx;=0.0Im, Qan= 10m® (j=L,2,...,f, k=12,...M,
m=12,...,M;, £=18, M=18, M;=18)
Case 2: qx;=10000m (ZFofft
{ZCase 1 ICHL)

—— :Completed state

------- :Deformed state

Table 8 Member force and tension coefficient (Example 2)

- s R Member Target value Case 1 Case 2
k——@ﬁgﬁjf“i, %ﬁ&uﬁgﬁ No. Ten, coef, | Tension | Ten. coef. | Tension | Ten. coef. | Tension
BT 2EE L % v 1 3,258 17.813 | 10,550 56,527 | 8.478 18, 484
o ﬁ% i 2 3.219 16.716 | 10.583 55,200 | 3.493 18,101
HRIFCHREL THLA, HEH 3 3,173 16.178 | 10.647 53.952 | 3.480 17.783
BicE 3BEMICOVWTH, Case 1 4 3.147 15.850 | 10.618 52,914 | 38.478 17,536
o 5 3,119 15.606 | 10,504 52,271 | 8.453 17,362
TitCase 2 IC<BARTEDRRE | g | .50 4326 | 6.017 | 47750 | 0.328 2. 563
FEBICEVULLERLTWS. 7 0.865 4,449 9.304 47,171 0.471 2,457
- . 8 0. 866 4,386 | 9.370 46,981 | 0.473 2,412
AAEORRE Table 5 &1L 9 0.877 4,400 | 9.366 46,919 | 0.478 9. 425
Table 10 , 2B iCFig. 7 IR 10 1.793 4,482 | 19.828 47,181 0.965 2.474
_ 11 0.009 0.1 0.175 2.024 | 0,012 0.129
LT < : -
7. Table 7 OBRMIHMOR |, | ol | o1 | eam | Law | oos | o
PEETER OME%, Table b BLT 13 0,012 0.1 0,223 2.083 | 0.018 0,147
Table 6 MHEEMICENENIZR 14 0.018 0.1 0.120 0.997 | 0.015 0.107
, - A 15 0.015 0.1 0,275 2.192 | 0,028 0.176
BROMREES & CrERGRRRIC 16 0.016 0.1 0.188 1.3%2 | 0.011 0. 061
BT 2BIHE L BH D ORE R 17 0,017 0.1 0. 9291 1.999 | 0.083 0.175
_ 18 0.018 0.1 0,189 1,245 | 0.010 0. 050
. &%, Table 8 &Table 9 i< unit ton/m ton ton/m ton ton/m ton
HEFECI 2S5BS L UE (1ton=9. 8kN)
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HARETORH SIDEE, Table 10 B L BiE Table 7 Cross-sectional area (cm?) (Example 2)
HkosisEBEED 25 (| R]2) , TERREBOR Menber No. 11.V.] Case 1 | Case 2
IS L BERAFEOZD 2 RA (| P—P, 12) ,  [Uppor chord | 1-5 | 2.0] 18.2 | 0.8

e Lower chord | 6-10 | 1.0| 15.2 1.04
HIRERLD 2RA (|| 2 [|2) BLUMBERD 2RA | 3, 118 | 0.1 0.863 | 0.48¢
(Il ELa3 All2) O¥EUELHEICBIT 2 IURES: (L.V.=Initial value)
R

- > N > L. {

b &YETOS }_‘..71) DD, Table 8 Joint displacement due to Table 9 Member force in
@ Table 7 &V, L - FTEMOME additional loads (m) (Ex. 2) deformed state
BiL, Case 1 OB DA ase 2 &Y Joint Case 1 Case 2 Member | Case 1| Case 2
7&&7:{3‘3'(33’), y<iiCase 1 o No, X y X y 1 78.439 | 47, 848

1 0 0 0 0 2 | 74,546 | 28,551

i} & FHAM OBTERIZCase 2 OFH 2 | -0.007| 0.081-0,007| 0.046 3 | 72.505 | 45.870
DI L BT NG, 3 | -0.005] 0.033|-0.006| 0.072 4 | 170,559 | 44,232
- 4 -0.004{ 0.039|-0,009| 0.125 5 | 68,778 | 42,728

@ Table 5 &Y, Case 2 DRI 5 | -0.002| 0.046|-0.010| 0.186 6 |35.279| 2.983
KOHH Case 1 oF1 &Y BEH 8 0 0.052 0 0.141 7 1385179 8,169
RIS 7 0 0 0 0 8 |85.671 3.509

I 8 | 0.005| 0.032| 0,022| 0.052 9 |86.522| 4.083
(3) Table 6 &V, Case 1 ic8BIF5 9 0.004| 0.037| 0.029| 0.072 10 | 87.480( 5.133
= o B 5 3 OF 10 | 0.003| 0.043| 0.039| 0.114 11 | 25.638| 1.278
mﬁwiﬁg BRI & T 1 0.002{ 0.052| 0.047| 0.170 12 ] 0.791| 0
ZhZhOEBEL YA RYKREN 12 0 | e.118] o | o0.677 13 | 3.158| 1.341
B i>TwWa, —7%, Case 2 Tl 14 0.120 o
20D ORIFES & CEHH A BREC AL UE. ol Ivel Bt
@ Table 8 B&U Fig. 7 &V, BMEHECLI2HEEME Case 1 OFHF 17 | 3.639| 2.864
Case 2 DEHOE UHBRYIE W, 18 | L.007] 0.242

(ton: lton=9. 8kN)
(® Table 9 =T, Case 2 OEHRIEICS W CEHHO—IICD B BDHBNS. o e

® i, MENBEICLZEMNEZTELEIF/DE  Table 10 Sum of squares in objective function (Ex. 2)
KTBZLICEEZEARVWEHE (Case 2) € [Case[ [RIZ [ [P—P. 2] [x[° || €L AD [[?
s wrwmnenscrocer, || L | ot | s i
Bk % BEBRCEMT o Z b 2 EiICEEN @) (82 /m2) ) )
BANBZ LIRS, Table 10 ICiRED&LD (1ton=9. 8k¥)
BRRERDEICTREA TN S,

REo#RIUDLMZ LI, BRICHTHHIEELLL, BERARECL2ENEZ TEDEITNELT
5ZLICEERBVWESES (Case 1) i, THPRL HERRLE O SEBEERIREL2HA, BHIEREN

B LUEHETEROEACase 2 SUKERY, EHRICHT HMEOBVEENEONL I LICR S,

6. % #

AN, TSCEHELDAARUETRDICEDE, 52O Tr—JViEEORERTOEOO—D DR
MHEREBENL, ERAWLBEHENCL>TZOFEE2BPLEDOTH S, Zhickhid, r—JIu#
BORBRECE T 2R FHCHET 2R RG0EZHIC, BRFET CORHLERICET 28IN%
#, LOCKHEHERCET2&E20ERL, BEETECE > TEEYORIHR, BEHHHIRSTIC
BESHETEAREE IS, 22T, THOBHRE L HHETERE 2 B L THEDICERENLD
"HELE” 2ERL T BB EMEITT, Gauss OF L Maximum neighborhood % fy, ZBick
DEUHECBIIBEEHATY THA X2 ET2ELHOEES OFEEHEHVTZhER/MEL TS,
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EXDOFECEY, FEORGT LOBRICIEADSEZITOMEBEL LA MES. FlAE, BHEE
DOHTEHICHT 2EH0BEAZ2AETIE, VELRETOBMEE>Er—TVEBEI R DL, &
=, EWBEODHOE 2 KELTEZLICE-T, BEYWOLERSHT2EN kS,
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