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Damage Scenarios-based Topological

Vulnerability Analysis of Truss Structures

YU Gang, SUN Limin
(State Key Laboratory for Disaster Reduction in Civil Engineering,
Tongji University. Shanghai 200092, China)

Abstract: Structural vulnerability analysis is becoming one of
efficient theoretical methods to improve structural design and
increase structural safety. Structural topological vulnerability
analysis can reveal the inherent structural weakness which is
irrelevant to the external load by focusing on the internal factor
of structural vulnerability. The matrix analysis method is used to
study the stability which is a

measurement of structural performance. A 2-D and 3-D truss

structure  geometrical
structures are used to study the effectiveness of the allocation of
redundant components in structures, as well as the impact
extent of different vulnerable scenarios to structural
performance. It is found that the reasonable allocation of the
redundant components may limit the vulnerable scenario to a

relatively small region, whereas blindly increasing component
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redundancy may not serve any purpose to reduce the structural
vulnerability; furthermore., due to the existence of local
mechanisms, the event impact to the structural system is
different for various vulnerable scenarios. With the help of
topological vulnerability analysis, measures can be taken to

reduce the structural vulnerability.

Key words: topological vulnerability; damage scenario;

redundancy; mechanism determination; local mechanism
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Fig.1 Geometrical layout of nodes and elements
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Fig.2 Flow chart of vulnerable scenario search
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Fig.3 Flow chart of mechanism determination
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Tab.1 Results of vulnerable scenario search

Y& Vs Y& Vs Yy Vs
1 (1,6) 14 (6,19 27 (11,13
2 1,7) 15 (6,20) 28 (11,18
3 (1,1D 16 (6,27 29 (11,19
4 (1,12 17 (6,28 30 (11,20
5 (5,6) 18 (7,1D 31 (11.27)
6 (5,7) 19 (7,12) 32 (11,28)
7 (5,11 20 (7,13 33 (12,13)
8 (5,12) 21 (7,18 34 (12,18)
9 (6,7) 22 7,19 35 (12,19
10 (6,1D 23 7,200 36 (12,20)
11 (6,12) 24 7,27 37 (12,27
12 (6,13) 25 (7,28 38 (12,28
13 (6,18 26 (11,12
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Fig.5 Distribution of vulnerable components

with redundancy variation
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Tab.2 Vulnerable scenarios after enhancement

Yt Vs Y Vs
1 (6,12) 4 (12,19
2 (6,19) 5 (12,28)
3 (6,28)
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Fig.6 Redundant component enhancement
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Tab.3 Vulnerable scenarios of 3D truss

Yt Vs Y5t Vbs Yis Vs

1 (1,2,5 9 (1,5,6) 17 (3,4,9
2 (1,2,6) 10 (1,5,8) 18 3,7,9
3 (1,2,8) 11 (1,6,8) 19 4,7,9
4 (1,3.,4) 12 1,7,9 20 (5,6,8)
5 (1,3,7) 13 (2,5.6) 21 (11,20,2D)
6 (1,3,9 14 (2,5,8) 22 (13,24,25)
7 (1,4,7) 15 (2,6,8)

8 (1,4,9 16 (3,4,7)
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Fig.8 Mechanism displacement chart
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Tab.4 Mechanism locality analysis results

JEs Wk i Wk

WM wa | BT W
1 1 Y 1 12 1 Y 2
2 1 Y 1 13 1 Y 1
3 1 Y 1 14 1 Y 1
4 1 Y 2 15 1 Y 1
5 1 Y 2 16 1 Y 2
6 1 Y 2 17 1 Y 2
7 1 Y 2 18 1 Y 2
8 1 Y 2 19 1 Y 2
9 1 Y 1 20 1 Y 1
10 1 Y 1 21 2 Y 3,6
11 1 Y 1 22 2 Y 4,5
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