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OPTIMUM DESIGN OF TRUSS BY DUAL APPROACH AND
ELEMENT SUBOPTIMIZATION

RAGRLZ* - B Mg — BA**
By Sadaji OHKUBO and Kazuhiro TANIWAKI

An optimum design method of truss based on dual theory, linear approximation and suboptimization of

member element is presented, In the practical design problems of truss, several original design variables and

constraints related to a member element are condensed into one primal variable and single artificial constraint

respectively by suboptimization of member element, Then the design problem is transformed into a sequence of

approximate primal problems of convex and separable form by linear approximation concepts. The convex

problems are solved by dual method, in which dual function is maximized by using quasi-Newton algorithm on

the dual variables and the primal variables are decided directly by explicit expressions of the dual variables,

Due to the sharp nonlinear constraints imposed on member elements, move limit restrictions on the design
variables are required to converge successive solutions to the optimum, Application of the envelope method

based on optimality criteria and linear set of equations are also discussed to estimate appropriate initial values
of the primal and dual variables respectively, The efficiency and reliability of the design method presented are

demonstrated by giving numerical results for large scale trusses,
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Fig.2 Flow Chart of Optimum Design of Truss by Dual
Approach and Element Suboptimization.
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Table 1 Successive Improvement of 4,and Afor the Case of
C,; Modified and Constant (6 Bar Truss Problem
(6,=10.0cm)).

NO. of ITE* 1 2 3 4 3
A, . A, |10.0 10.0|61.9 4.70|34.7 0.01 |30.0 0.50 §28.9 0.46
. A: , Az [10.0 10.0|61.9 4.70{34.7 0.00 [26.3 0.00|28.9 0.46
i Av . Ay |10.0 10.0|62.7 0.00{49.1 0.00 |37.3 0.0036.3 0.00
modified| A+ » Av [10.0 10.0|66.6 20.2{57.1 13.7 (42.5 7.57 [49.0 8.69
As , As |10.0 10.0|63.7 15.0[33.0 5.75 [28.8 3.80 }31.3 4.05
in step 4| A , A 10.0 10.0|63.7 15.0|33.0 5.75 |28.8 3.80 [31.3 4.06
step 16 As 10.0 0.00 0.00 0.00 0.00
VoL({cm®)| 6828 43013 28579 22670 24100
Ar, A1 |10.0 10.0[31.17 0.33]31.8 0.48 31.6 0.47
c.. | v (1000 100003101 0133|3108 0.48 |36 0.47
bl As , xs [10.0 10.0}40.9 0.00]40.4 0.00 j40.3 0.00
cang| A+ + 2. [1070 1070 {481) 9l0a|esi0 976 {4517 9014

constant] s as [10.0 10.0(28.5 4.12|28.6 4.08 {28.7 4.08 -

instep 6| A, , A, [10.0 1010 |28.5 4.12|28.6 4.08 |28.7 4.08

_step 12 As 10.0 0.00 0.00 0.00

TVOL(cm®)| 6828 23935 24154 24139

* Number of Iteration TVOL=TOTAL VOLUME of TRUSS
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Fig.4 Convergence History of 6 Bar Truss (P=10t, 20t,
80t) (8,=10.0 cm, E=2 100000 kg/cm?).
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Fig.7 16 and 31 Bar Truss.

Table2 Comparison of the Results for 16 and 31 Bar Trusses shown in Fig. 7.

TYPE OF TRUSS 16 BAR  TRUSS 31 BAR  TRUSS
CONDITION 0,848 (8aa,88a =0.7cm) 8a,8 (8ha,88a =0.5cm) 0,64,8,c{8 we=2.2cm, 882 =2. 5cm, §ca=2.0cm)
PROCEDURE £ £+0 D £ £4D E+D D £ E+D D

A ey | 10000 212 100.0 100.0 29.1 26.9 100.0 100.0 59.7 100.0
= A 100.0 29.9 100.0 100.0 16.9 42.4 100.0 100.0 2.3 100.0
S | TVoL{cn®) | 5545583 | 156752.1 | 554558.3 | 554568.3 | 175715.3 | 211381.1 | 5545583 | 10791160 | 5219090 | 10791160
T EaTEn) — (5) — — (2) (5} — — (5) —

Ay | 216 25.0 24.4 | not opt. 33.0 30.6 30.9 | not opt. 61.7 61.7
Ao 29.6 28.1 23.5 sol.| 376 38.4 39.8 sol 42.4 40.1

S [ TvoU(em?) | 156667.4 | 156808.7 | 156967.9 — 210736.1 | 210560.8 | 210477.8 — 548099.4 | 546150.1

& [v.or1TEl | () (5)+8 12 — (2)47 (5)+2 5 — (5)+8 10
cPu(sec) | 0.91 416 5.66 — 3.21 1.51 2.66 — 22.02 28.69
TVOL=TOTAL VOLUME OF TRUSS, E=ENVELOPE PROCEDURE, D-DUAL APPROACH wxxby FACOM N-180 I AD

*Iteration Number of ENVELOPE PROCEDURE required to determine initial values of A
**Number of Iteration required to obtain optimum solution by Dual Approach
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