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Table-1 : #H

Method 1Y) (1) (I (v)
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3.0 tonf
A [cm?) 0.1 0.1 1.0

Table-2 : Self-Equilibrated Tension Modes

mode-a (ortho-normal)
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—- stress=0
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Table-3 : Conditions of Analysis, etc. (method (I),(II) )

Structural Sub-ordinate

Method | Model | Mode | Load Analysis candition
o | figl | a |©2@ NIB‘II“I‘::;/M [nf=1.0x 10*%kef
@ | figl | abe [0@@| Name | Inl=1.0x10'%gt

Table-4 : Conditions of Analysis, etc. (method (III),(IV) )

Method | Model | Mode Sub-ordinate Condition
(II) fig.1 ¢ —
i " casel : N =0.5tf , N' =3.0tf
A L o case2 : N' =1.5tf , N'  =3.0tf

*1 : a slightly different model is used in [4]
*2 : 5 independent modes exsist

_46_

4. R

Table-3,4 {755 L 72 T4t 0 T TOFED~AVIIZ & 5 Bol b
Pk gia- Table-5,6,7,8 (2o d (FHPIZIEHET g6-24 2k - TH
3o E1o DEZE ST & A BoELRE (BREY/ JERRBY, TESR
#HO., @, @, o fig6-8) |[ZHIAHE - itz hTh
fig3,4,5 |27,

—_
o
o
o

[+2]
o
o

o
o

Load [kgf]

Displacement [cm]

fig.3 : Load-Displacement Curve
(Load Condition : @)

1000

Load [kgf]

4 6
Displacemet [cm]

fig.4 : Load-Displacement Curve
(Load Condition : @)

o2}

Load [kgf]

2 - 6 8 10
Displacement [cm]

fig.5 : Load-Displacement Curve

(Load Condition : @)



Table-5 : The Optimal Tension [10°%kgf] and Displacement [cm]

Method (I) The Inverse Variational Principle (I1) Minimization of Displacement Norm
Analysis Linear Analysis Nonlinear Analysis Linear Analysis Nonlinear Analysis
Mode mode-a mode-a mode-a mode-a
Load

Q)

d dx dy dz dx dy dz
Node:1 -7.63 -2.47x10? 0 -7.04 0 0 -7.63 -2.47x10% 0 -7.04
Node:2 0 -7.63 | 2.47x107? 0 -7.04 0 0 -7.63 | 2.47x10? 0 -7.04

Load

@

d
Node:1 5.7 2.07x 107 -5.36 5.7 2.07x 10" 0 -5.36
Node:2 571 -2.07x 107 5.36 57 -2.07x 10" 0 5.36

Load

@

d
Node:1 -5.28 -1.26x 102 -5.12 -5.34 -7.81x 103 0 5.17
Node:2 0 -1.72 -4.60x 102 -1.66 -1.02 -6.78x 102 0 -9.80x 10"

Table-6 : The Optimal Tension [10°kgf] Table-7 : The Optimal Tension [10°tonf]
Method (IV)A Variation of the GAs [4]

Method

(I1T) Maximization of
the least natural frequency|[2]

Mode

* A slightly different cable model (not fig.1) is used

Mode

mode-c

casc

fig.20
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Table-8 : The Optimal Tension [10°kgf] and Displacement [cm]

Method (II) Minimization of Displacement Norm
Analysis Linear Analysis
Mode mode-b mode-c
Load
@
d
Node:1 0 0 -5.71
Node:2 0 0 571
Load
@
d
Node:1 0 0 -5.34 0 0 -6.91
Node:2 0 0 -1.02 -0.875
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OPTIMIZATION FOR INTIAL TENSION FOR CABLE STRUCTURES
— COMPARISON OF FOURANALYTICAL PROCEDURES —
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In this paper, Four different analytical methods to obtain the optimal self-equilibrated tension of cable structures are compared. The methods are based on (I)the

Inverse Variational Principle[1], (INMinimization of displacement norm using nonlinear programming, (I1[)Maximization of the least natural frequency[2][3],
and (I'V)a variation of the GAs|4], respectively. (I) and (II) are further extended to include nonlinear structural analysis. Formation for nonlinear problems of the
method (I) is established for cable structures. The anarytical cable structure model in the paper has five independent pre-stress modes. The identical model 1s
calculated in the method (I),(I1),and(I11), while the slightly different model is used in the method (I'V).

The differences in the four methods, efficiency of linear structural analysis, the relation between the method (IIT) and load conditions, and the advantage of the use

of symmetric pre-stress modes for symmetric probrems are discussed.
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