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Zero-Stress Member Selection for Sizing Optimization of Truss Structures
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Abstract

This paper describes a novel zero-stress member selecting method for sizing optimization of truss structures. When a
sizing optimization method with static constraints is implemented, the member stresses are affected sensitively with
changing the variables. However, because some truss members are unaffected by specific loading cases, zero-stress states are
experienced by the elements. The zero-stress members could affect the computational cost and time of sizing optimization
processes. Feature selection approaches can be then used to eliminate the zero-stress member from the whole variables prior

to the process of optimization. Several numerical truss examples are tested using the proposed methods.
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2.1 10-bar truss

HolE 51} Ol ALSSH 788 Al Ad Ve
AW 5] 281 10-bar truss 7RE"S oA|2
AHSIACE EXA Bl Aige] Wi W VAl 2t
2} 0.1 1b/in’, 10,000 ksi O <Fig. 1)3} Z0] & 107)
o] HRjE AZEC) 2Hat 4H A™oIA vE |9
OF 712} 100 kipsQ] ot&0] Fae, 58y} 68 &
ol It Ee BARACRE KAE Tk (Fig. 1)
o] ulghd Fde 71E F&sE Aol 2 Bl 38
HRE +25 ksi OJU, x & yH9 HRIE 20 in
O[UZ AStst RSk S AREsI0] e 788 HAf
ZATOICt. Oli= oA A+tof thist E&sE AW LiEh
1l QA= (Table 1OJA] 18 5= QT
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(Fig. 1> A 10-bar planar truss structure

(Table 1) Optimal cross-sectional areas (in?) of
previous studies for 10-bar truss

Members Rizzi” Lee & Geem’ Schmit & Farshi

1 3073 30.15 3343
2 0.10 0.10 010
3 BB 071 24.26
4 uB 1527 14.26
5 010 0.10 010
6 0.10 054 010
7 854 754 839
8  20% 2156 20.74
9 2184 2145 19.69
10 010 0.10 010
nght 5076.66 5057.88 5089.00

(Table 1)9] g2 FAst e Safl B 2+ FAl
o] THHAlE LERACE ZH230] TR Mes A8
Qom, FAZ2 010 in“E otst S ket Al
H skE £ thell S8 B o571 A Al
oJske FA) L=rid sy 2al= st 74 0.10 in’
£ ool ZFst FEgte HoJER=C}. 10-bar truss
ZOIAlE 2, 5, 6, 1081 Fxj7F 288 Haiz vhiy
om, the tolk E55h= HOHE ASSH B4
B 7HE Sdf sl BAE &R S St

32 4 Jo

2.2 HIoE] &=

SSIQAGHA(FEA: Finite Element Analysis)S A}
g3 EfA oA dalglEe Sall 10,000709] HlolH
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(Fig. 3) Box plot showing the distribution of displacement values of 10-bar truss dataset
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(Fig. 4) Box plot showing the distribution of stress values of 10-bar truss dataset
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TS ZE=T) 17-bar trussQ] AlOJA Z|&SH BAlol|Al=
HE Bfo] 238G +50 ksi O, HE x & y=0] ¥
Q& 20 in O AEETNE It 0|8 Sl
AL A= 7IE AqtoA] g01g 4= QIO (Table 2)
of LIERARACE

(Table 2)& AHEH 2, 4, 8, 10, 12, 16WH 2|7}
0] BI8H ZE 0.10 in"E AR AOM (Fig. 10)
oA it FHOZ QRE golE 4= QUrh 17-bar
trussollAl= & 6709 38 BERi7t ExffsiH o=
10,0009] HOHAEE A4St & EGMY WHEg 4=
dsiie of Selg 4 Utk

(Fig. 11)& 17709 Bl THAE Ha Zre ey
AE dof thefst] AU 5QEE WESH 21kE L
Efal QIth olE F3ee & 14719 Afk foz
TEE <+ Qlon, ol 1HEH TH A™9] x& 9 vH
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(Table 2) Optimal cross-sectional areas (in) of
previous studies for 17-bar truss

Marbes GO e
1 15.82 16.03 1593
2 011 011 0.10
3 12.00 1218 12.07
4 0.10 011 0.10
5 815 842 8.07
6 551 572 5.56
7 11.83 11.33 11.93
8 0.10 011 0.10
9 793 7.30 7.95
10 0.10 012 0.10
11 409 405 4.06
12 0.10 0.10 0.10
13 5.66 5.61 5.66
14 4.06 4.05 4.00
15 5.66 515 5.56
16 0.10 011 0.10
17 5.58 5.29 5.58
Weight (Ib) 2580.81 259442 2581.89
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(Fig. 13> Final shape of the 17-bar planar truss
structure without zero-stress members
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