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Abstract — This paper presents a truss cross-section optimization method that considers both member redundancy and structural
system redundancy. The optimization problem minimizes structural volume while satisfying constraints on member reliability,
member redundancy index, and structural redundancy. Member redundancy is evaluated using distributed static indeterminacy
and the member redundancy index, whereas structural redundancy is assessed by a deterministic index based on residual
load-carrying capacity after member yielding. Applications to six-bar and ten-bar trusses show that higher reliability and
redundancy requirements generally increase optimal cross-sectional areas and structural volume, while also changing material

distribution among members.
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Fig. 2. DSI of six members with variation in the cross-sectional
area of members 1, 3, and 5
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Fig. 3. MRI of six members with variation in the
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IS Uebdith= FollA Zpol7t Stk A 85 4l
& paItS AR ACE 183 FX(Z Eq. (8d)t
= 1T A9, EA 29 RH7t 7P A YE
Wb WHA, H A QT AR E pog, H A 8T BA o F
T A5 My, 183 H A QF FRAAE o fE A3
RS BT Atz AC0 g 18T H(Z, Egs. (8d),
(8e), ¥ BNE 5 H8T HH), ElA #x9] 21
7} 74 3A aF-Ech

A2 20| 4 A At vX = F
E3517] 93] Table 13} o] v 7}A] 314 CaseE
STt Case 12 B4 A= Agt24 Eq. (8d)¥
133 FLold, p,=0.998 A3}t Case
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Table 1. Constraints of four cases

Case 1 Case 2 Case 3 Case 4
Ds.th 0.99 0.99 0.99 0.99
My, - 80 - 80
R - - 0.10 0.10

Table 2. Optimum solutions (i.e., cross-sectional areas and the
minimum volume) of the ten-bar truss, and the associated
minimum member reliability, member redundancy and
structural redundancy

Case 1 Case 2 Case 3 Case 4
Area (cm?)
Members
1560 3.61 5.05 4.01 5.69
Members
sara0| 3 3.57 331 3.50
Members 1.62 1.79 237 2.18
3,8
Volume | ) 5595 | 27.870.1 | 24385.6 | 303117
(cm’)
Min. p,, 0.99 0.99 0.99 0.99
Min. M, | 76.80 80.00 75.35 80.00
Ry, 0.0 0.048 0.10 0.10

Eq. (8d)° £ o= A|gt24 Eq. (8e)E F7Iet F
22, M;=80 Z-835}9Ith. Case 32 Eq. (8d)9] H+%
A&l o f= ARtEHA Eq. 8HE F7IE AFE,
R;4=0.10& A 835} t}. Case 4= Egs. (8d), (8¢), &
(8He] B AR AE FA0 AL et A -f-olth

Table 20| 4] H.= B}9} o], Case 12 Cases 1-4 &
7H A2 219l 22,559.5 cm’E 7HAI Y, F A& HA) of
F= A5 76.800.% e 124 o|uj o] X[F
g AT A AL FA 3, BA 4, BA 8, 7
A 97F FAlofl &0 =Esto] A WA G o]F 7}
ARl stFA| A TYo] FHEZ oz, FRAAH
oL A[IEFLZ 00] Hrt. Case 2904+= Eq. (8¢e)Y
M,=80& F7t= A&t wgt fFxES Rt
27,870.1 cm’E Z7}5tY, LRA|AEH o8 X HEZE
2 0.048% YEFHTE. Case 39| 4]+= Eq. (8¢)9] M,;=80
Al Eq. (8D9] Ryu=0.102 A-&3t o, o] A&
ZE0] Byl 243856 cm’0]1 4 BA o] 8% X
= 75352 UEHET. Case 494 = ZE AR S
SAlo #-&3to] weh 7 & 219l 30,311.7 em’7F
|4
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