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DISCUSSION ON THE EQUILIBRIUM MATRIX THEORY AND STATIC
AND STABILITY ANALYSIS OF AHYBRID SPATIAL STRUCTURE
COMPOSED OF CABLES, BARS AND BEAMS

“ZHANG Zhi-hong' , ZHANG Ming-shan? , DONG Shi-lin*

(1. Space Structures Research Center of Zhejiang University, Hangzhou 310027, China;

2. Zhejiang University Architecture Design and Research Institute, Hangzhou 310027, China)

Abstract: The equilibrium matrix theory in the analysis of cable-bar hybrid structures is discussed in this paper.
For cable-bar hybrid structures the initial pre-stress distribution can be determined using the equilibrium matrix
theory. The flexibility distribution of each cable or bar element should be considered at the same time. Bar
elements with section sizes satisfying the flexibility distribution, can be used to construct the structure
successfully eventually. A new method for flexibility distribution determination of cable-bar hybrid structures is
proposed utilizing the compatible equation and the equilibrium equation. A new concept, independent flexibility
distribution mode, is presented here. It is verified by a numerical example. In addition, a computational analysis
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method of a hybrid structure composed of cables, bars and beams and its preliminary static and stability properties
are presented in this paper. Based on the local analysis method the distribution and magnitude of pre-stress of this
hybrid structure is analyzed using optimal theory. The outmost ring has larger pre-stress than the middle one and
the inner one. Static and stability properties are analyzed by taking the pre-stress as self-equilibrium initial internal
force. It is found that the flexible cable-bar system and pre-stress in the whole structure cannot reduce the
deflection dramatically. But the pre-stress can affect the axial force distribution in beams very much. In
comparison with single-layer reticulated shells this type of hybrid structures has high stability.

Key words: force finding; flexibility distribution; suspension dome; static analysis; stability; pre-stress;

optimization
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1
Table 1 The independent self-equilibrium mode of each

element

S1 0.57208 0.57208 0.27015 0.27015 -0.13104 -0.30193 -0.30193

Sy 0.00000 0.00000 0.48591 0.48591 -0.23570 0.48591 0.48591

2 ( :N)

Table 2 Self-equilibrium force distribution of each element

f;  103.0783103.0783 206.1567 206.1567 -100.0000 103.0784 103.0784
f, 68.7176 68.7176 206.1565 206.1565 -100.0000 137.4389 137.4389

3 fy
Table 3  Flexibility distribution of each element by f;

S: 0.632674 0.632674 0.315246 0.315246 0.00000 -0.018544 -0.018544

S, 0.000000 0.000000 0.041523 0.041523 0.00000 0.705887 0.705887

4 f,
Table 4 Flexibility distribution of each element by f,

Sy 0.671027 0.671027 0.222304 0.222304 0.00000 -0.017436 -0.017436

Sy 0.000000 0.000000 0.05529 0.05529 0.00000 0.70494 0.70494

2.2

60m
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4m
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Fig.3 The lower structure

5

Table 5 The independent self-equilibrium mode of the lower

structure
1 ) -0.2039 -0.7722 0.0309
2( ) -0.2035 -0.7718 0.0278
3( ) -0.5220 -1.0000 0.0654
[4 €]

23
[9]



12

1)
{5y
)
{t_beam}
I
3) (13 14)
o ap Qg [10] @
[11]
( 9)
6 7
6
Table 6 Results of optimal analysis
a () a( ) az( )
2.2699 0.6099 0.2607
7 (N)
Table 7 Optimal pre-stress distribution and magnitude
{ty 689482.1 2611179.5 -104487.6
S {t.} 139201.0 527937.6 -19016.1
1
a; i=1~S {tpl} 34559.6 66206.2 -4329.9
2.4
s
{3=> aifti}+{tp 3=
i=1
aq (12) )
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)
7~ 9 1~7 265 1
13 61 109 157 205 ( 5 )
S. T. a; >0 i=1~S (14)
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Fig.5 The element number of a frame
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B 150mm 150mm 10mm
C 250mm
400mm 10mm P 1.0kN/m?
C 3 10
A
7 8 9 -
10
B
7
8
8 (N)
Table 8 Pre-stress mode 1
737466.7 2792897.3 -111759.3
339667.9 1288234.5 -46401.8
128052.2 245310.7 -16043.3
9 (N)
Table 9 Pre-stress mode 2
303750.0 1150350.0 -46031.8
228235.7 865613.3 -31179.1
132564.8 253955.6 -16608.7
10
Table 10 Parametric analysis of limit load
3
CSS 34.7P 34.7P 34.7P
C CHS 44.4P 39.1P 43.3P
ASS 14.1P 14.1P 14.1P
A AHS 20.6P 18.8P 21.4P
BSS 3.27P 3.27P 3.27P
B BHS 6.98P 5.93P 5.74P
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