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Adjustment of Initial Shape for Spoked Wheel Cable Structures
Considering Retractable Membrane’s Tension
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Abstract

In this paper, the shape adjustment algorithm of the spoked wheel cable structures with retractable membrane system is
studied. The initial tension of the membrane or cable is necessary to form the structure and its value is determined by the
design shape. However, due to internal and external environmental influences, its shape may be different from the initial
designed shape. In the case of the cable structures covered in this study, tension adjustment is necessary to maintain the
designed shape because it influences the tension of the cable depending on the state of the retractable membrane.
Therefore, we proposed an adjustment algorithm of an initial shape based on the force method. The effectiveness and
validity of the methodology were examined through the applicable cable structures. The results of the shape adjustment
analysis of the symmetric spoked wheel cable model were reliable and accurate results were obtained.
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(Fig. 4) Node numbers of target model
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(Table 1> Nodal coordinate & boundary condition (m)

Nodal coordinate Bound ary
Strut Node condition
X-Dir.  ZDir. X-Dir.  Z-Dir.
A 1 0 0.000 1 0
B 2 3125 0.070 0 0
C 3 6.25 0.281 0 0
D 4 9.375 0.632 0 0
E 5 125 1125 0 0
F 6 15.625 1.757 0 0
G 7 18.75 2531 0 0
H 8 21875 3445 0 0
I 9 25 4500 1 1
B 10 3125 -0.054 0 0
C 11 6.25 -0.218 0 0
D 12 9.375 -0492 0 0
E 13 125 -0.875 0 0
F 14 15625  -1.367 0 0
G 15 18.75 -1.968 0 0
H 16 21875  -2.679 0 0
I 17 25 -3.500 1 1
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(Table 2) Cable length and initial tension of cable
structures (m, kN)
Connecting node Initial
Elem. I-node J-node Length tension
1 1 2 3.125 69.462
2 2 3 3.132 69.602
3 3 4 3.144 69.882
4 4 5 3.163 70.300
5 5 6 3.188 70.853
6 6 7 3.219 71.539
7 7 8 3.255 72.354
8 8 9 3.298 73.292
9 1 10 3.125 89.299
10 10 11 3.129 89.408
11 11 12 3.136 89.626
12 12 13 3.148 89.953
13 13 14 3.163 90.386
14 14 15 3.182 90.924
15 15 16 3.204 91.567
16 16 17 3.230 92.310
17 2 10 0.125 3.1250
18 3 11 0.500 3.1250
19 4 12 1.125 3.1250
20 5 13 2.000 3.1250
21 6 14 3.125 3.1250
2 7 15 4.500 3.1250
23 8 16 6.125 3.1250

<Table 1>°l] AAH M3 FH3xe} A 240 =
7] Aol ol 1 FAro] A=t <Table 2> A

£ 4 (199 L 994 BaF AR x7)
e AsGom, Aol 7] Zolst I
UeRASIch of7le] AAE groE AAsE Aol
Qa0 2w 752 m—g Y A9 3 gue
5HE S gleh QUEEOE Aolat Ho] BA &
SRR SR CEELE




M2 g Fzo] AH AAE <Fig. 5>9F 2ol
o9 w A, 15 A, 93 2 Az v
23] who] A9} ot geo] PAdHA] ¢o
™ z}50] AolEo] 9 %E‘r. HhA 23 Ao
A v gz A3 X}v | AlolE Tz F%F
< FH, T8 T vAe ¥FH= b2k

(c) Closed roof

(Fig. b) Retractable membrane system

2kN /m e i
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(Table 3) External force considering initial membranes
tension (kN)

Layer Node F, XDir) F, (ZDir)
A 1 0.000 0174
B 10 -0.008 0372
C 11 -0.029 0.726
D 12 -0.061 -1.071
E 13 0104 -1.39
F 14 0152 -1.690
G 15 0197 -1.904
H 16 0213 -1.963
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(Table 4) Adjusted tension of spoked-wheel cable
structures (kN)

No. of Elem. Adjustment Ad]utc,ted
tension
1 16.757 86.219
2 16.792 86.394
3 16.871 86.754
4 Upper 17.004 87.305
5 cable 17.197 88.051
6 17452 88.992
7 17.768 90.122
8 18.126 91.419
9 -13.784 75.515
10 -13.793 75.616
11 -13.807 75.819
12 Lower -13.821 76.132
13 cable -13.828 76.559
14 -13.824 77.101
15 -13.809 77.759
16 -13.797 78513
17 0.322 3.447
18 0.500 3.625
19 0.677 3.802
p O 0.848 3973
cable
21 1.004 4129
22 1.125 4.250
23 1.166 4291
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