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Analysis of Indeterminate Truss Structures by Element-Focused Network Approach
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Abstract

Element-focused network analysis method for truss structure is proposed. The propagation process of loads from external loads to connected other
elements is similar to that of connections between nodes in accordance with attachment rule in a network. Here nodes indicate elements in a truss
structure and edges represent propagated loads. Therefore, the flows of loads in a truss structure can be calculated using the network analysis method, and
consequently the structure can also be analyzed. As a first step to analyze a truss structure as a network, we propose a local load transfer rule in accordance
with the topology of elements, and then analyze the loads of the truss elements. Application of this method reveal that the internal loads and reactions
caused by external loads can be accurately estimated. Consequently, truss structures can be considered as networks and network analysis method can be
applied to further complex truss structures.
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Fig. 1 lllustrations of truss with 3—elements (left) and concept of
isomorphic network (right). In this case, internal force w;
and wi are originated from force F,
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Fig. 2 lllustrations of truss with 4—elements (a) and concept of isomorphic network (b)

Table 1 Weights of transferred forces in four elements (¢; e, ¢ from loaded e;)

Combined elements Wi Wik Wil
eer sing/sin(a—B) sina/sin(8—«)
eer sin~y/sin (a—7) sina/sin(y—a)

exer

siny/sin (8—7) sinf/sin(y— )

Total F(  sing n sinvy ) sina sinvy ) E( sina sinf3 )
oa 3 \sin(a—pA3) sin(a—7) sin(f—a) sin(6—7) 3 \sin(y—a) sin(y—23)
_ Fsing _ _ Fsina P sind;;,
11)7']' - Sil’l(a*ﬁ) s Wik sin(ﬁ*a) (2) W, ]—vkl(m(l _5LJ)(1_6/k)(1_6/k))
3)
Hy EgA 9 715} 3] o] WEIHFA A0 = (n=1)(n—2)
HH Eg oA o]-8 7153 3 o] W uk *1\:‘27H(X'—'1‘ N= 2

Wy o|Bg, A2 AAE 3702 Q4 Alo] 1o HUwRS
Al (2)2 27T 4= Qlrt. shAINE g A A o AFH 24747
ol EF A, vA4= (AEH 84) 9 =7 27 (B
A HEoh g7 wj ol @40] 8-S AR ok 24
SFEAZEHLE 2 Aol A= 27 o2 a2l o3t sk
A3 SHE 4= ks Al E ol 85, Ao dZE 84
7147 o)/l ths d EAE s A5ttt

A 05 FHoE AZH 47 84 (e, ¢, er, )5 7Y
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Fig. 3 Algorithm for determining the propagation of loads among
elements
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Fig. 4 Example of truss configuration (a) and truss network (b). The truss network has 5 joints, 7 elements, 3 external forces, and 2 hinged
supports, All elements have identical element length, cross—section area, and elasticity., We assume that each external force is 10N
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Table 2 Load propagation matrix for the truss example (unit: N)

Node e e es ey es &5 e R Ry Rox Ray
£ —11.55 5.77
F2 =577 =577
Fs 5.77 —11.55
e; —2.89 578 -10
ez
&3 1.44 —2.89 -5
&4 —2.89 2.89
&5 1.44 2,89 -5
€6
es —2.89 -5.78 -10

Table 3 Comparison of axial forces of elements from joint method
and suggested model (Unit: N)

Node Joint method Strength—in Strength—out
£ 0 —5.78
Fz 0 -11.54
Fs 0 —5.78
& -11.55 -11.55 Al
ez 577 577 0
&3 =5.77 =577 —6.45
&y —2.89 —2.89 0
&5 =577 =577 —-0.67
&s 577 577 0
€7 —-11.55 -11.55 —-18.67
R 0 0 0
Ry -15 -15 0

Roc 0 0 0
Rey -15 -15 0

o vhe] k=2 ke FEE 7

== 0] bz 244 (Strength centrality) 9 A A S o] &
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