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An evaluation method for component importance of pin-jointed
structures considering structural redundancy

JIANG Shuhui, YUAN Xingfei, MA Shuo

(Space Structures Research Center,Zhejiang University , Hangzhou 310058 , China)

Abstract; An evaluation method for the component importance of pin-jointed structures based on the redundancy
theory was proposed. On the basis of the uniformity of the element-redundancy, the quotient of the standard
deviation and the mean value of the element-redundancy was defined as the redundancy distribution index. The
component importance of pin-jointed structures was evaluated by the redundancy distribution indexes of the
remaining structures in the cases with different component removals. The redundancy distribution indexes of the
remaining structures were defined as the component importance indexes. Three practical examples were given for
illustration. The results showed that the redundancy distribution index can reflect the uniformity of the element-
redundancy, and the proposed method is able to effectively evaluate the component importance of pin-jointed
structures. The smaller the redundancy distribution index is, the more uniform the structural redundancy
distribution is, which indicates better structural robustness. The higher the component importance index is, the
greater the impact of corresponding member on the structural robustness is.
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Fig.1 Four forms of plane truss
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Tab.1 Element-redundancy and redundancy distribution indexes

of four plane trusses

Hongiy  Gitpl SiE2 SIE3 Gifgp4
1 0.558 0.533 0.561 0.553
2 0.558 0.533 0.561 0.553
3 0.110 0.116 0.114 0.116
4 0.310 0.330 0.322 0.372
5 0.310 0.372 0.373 0.330
6 0.207 0.132 0.114 0.132
7 0.310 0.617 0.135 0.156
8 0.310 0.156 0.533 0.617
9 0.110 0. 000 0.048 0. 000
10 0.110 0.212 0.191 0.116
11 0.110 0. 000 0.048 0.055
A 0.528 0.691 0.652 0.702
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Tab. 2 Element-redundancy and the component importance

indexes of plane truss

el B ORSE RIE BUE RE
RS g w2 omas mas
Zhn X 1 1 1
1 1. 000 — 1.000 1.000 1. 000
2 0.116 0.116 — 0 0
3 0.327 0.327 0 — 0
4 0.116 0.116 0 0 —
5 0.116 0.116 0 0 0
6 0.327 0.327 0 0 0
A — 0.515 1.790 1.790 1.790
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Fig.4 Hexagonal space dome and its geometric parameters
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Fig.7 Component importance indexes of hexagonal space dome
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