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Analysis of Multi-parameter Sensitivity and
Prestressing Force Distribution of Sunfolwer-
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Abstract: A new type of sunflower-type cable dome with
double struts, which has the characteristics of fewer number
of inclined cables, convenient tensioning forming and
effective prevention of ring slip, is proposed in this paper,
Based on the nodal equilibrium equation, a recursive
calculation formula for the internal force of the prestressed

cable strut is given. 72 examples are given, including the
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number of lower chord cables, the ratio of sagittal span and
the position of lower chord joint of the structures. It is
verified that the formula for calculating the internal force of
prestressed cables is exact solution. The analysis results show
that the
exponentially from the inner ring to the periphery. When the

internal force of the cable strut increases
position of the lower chord joint changes vertically or
horizontally, the internal force of the prestressed cable strut
is changed greatly. When the rise-span ratio is within the
range of 0.1~0. 2, the influence of it is less. It is shown that
rise-span ratio and the opening in the middle of the structure
are non-sensitive parameters, while the number of the lower
chord cable and the position of the lower chord joint are
sensitive parameters, and should be considered in the design
of the structure. The proposed structure provides new forms
and new concept for the selection, design and construction of
cable dome.

Key words: sunflower-type cable dome with double struts;
structural configuration; prestressing state; simple analysis

method; sensitivity analysis; calculated examples
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Fig. 1

3D schematic drawing and cross-section of

sunflower-type cable dome with two struts
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Fig.2 Calculation diagram and computing model of
1/n structure with inner hoop
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Fig.3 Sectional and plan diagrams for calculation

with inner hoop
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Fig.4 Calculation diagram and computing model of

1/n structure with inner hoop
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Fig.6 Simplified semi-structure of plane truss with inner hoop
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Tab.1 Pretressing force distribution and struts’ internal force of two-struts sunflower-type cable
dome with inner hoop
L i . B 1:ry —ri=0, hy =R(cos & —cos i+1) EM 2. rv —r;=0, hy =0. 75R(cos & —cos Gi+1)
T; Vi B; H; Hy, T; Vi B; H; Hip
3 1 1. 00 —0.16 1.95 3.76 3.56 1. 00 —0.17 2.59 5.00 3.57
2 2. 44 —0.79 4. 35 8. 21 2. 83 —0. 96 6. 60 12. 65
1 1. 00 —0.13 1.95 3.78 3.58 1. 00 —0.13 2.59 5.03 3.59
4 2 2. 40 —0.63 4,27 8. 25 2.78 —0.78 6. 54 12.72
0.1 3 6. 38 —2.26 9. 85 18.72 8.49 —3.24 17. 15 33.23
1 1. 00 —0.11 1.95 3.79 3.59 1. 00 —0.11 2. 60 5.04 3. 60
2 2.39 —0.56 4,24 8.27 2.77 —0.70 6. 51 12.75
5 3 6. 38 —2.26 9. 85 18.72 8.49 —3.24 17.15 33.23
4 18. 06 —6. 48 23.11 44, 44 27. 31 —10. 85 46, 04 90. 19
3 1 1. 00 —0. 23 1.95 3.71 3.52 1. 00 —0.23 2.57 4,94 3.52
2 2.53 —1.09 4,56 8. 10 2.93 —1.30 6. 75 12. 49
1 1. 00 —0.17 1.95 3.75 3.56 1. 00 —0.17 2.59 5. 00 3.57
4 2 2. 44 —0. 81 4. 36 8. 20 2. 83 —0.97 6. 60 12. 65
0.15 3 6. 63 —2.93 10. 49 18. 60 8. 83 —4,09 17.78 33.02
1 1. 00 —0. 14 1.95 3.77 3.58 1. 00 —0. 14 2.59 5.02 3.58
2 2.41 —0.67 4,29 8. 24 2.79 —0. 83 6. 55 12.71
5 3 6. 63 —2.93 10. 49 18. 60 8. 83 —4,09 17.78 33.02
4 18.71 —17.95 24. 83 44, 30 28. 29 —12.95 48, 05 89. 89
1 1. 00 —0.28 1.95 3. 66 3. 47 1. 00 —0.28 2. 56 4. 87 3. 47
3 2 2. 66 —1.42 4. 86 7.99 3.08 —1.67 6. 99 12. 31
1 1. 00 —0. 20 1.95 3.73 3.54 1. 00 —0.21 2.58 4. 96 3.54
4 2 2.49 —0.98 4.48 8. 14 2. 89 —1.17 6. 69 12. 56
0.2 3 7.02 —3.74 11.42 18. 47 9. 35 —5.13 18. 74 32.79
1 1. 00 —0.16 1.95 3.76 3.56 1. 00 —0.17 2.59 5. 00 3.57
5 2 2. 44 —0.79 4. 35 8. 21 2. 82 —0. 96 6. 59 12. 65
3 7.02 —3.74 11.42 18. 47 9. 35 —5.13 18. 74 32.79
4 19.72 —9.85 27. 37 44, 14 29. 82 —15.72 51.12 89. 55
. &ML 3.7y —7ri=0, hy =1. 25R(cos & —cos Gi+1) &M 4: rip1—ry=0.75A, hy =R(cos & —cos G;+1)
f/L 4 : Ti V,' Bi H i H 1p Ti Vi Bi H i H 1p
1 1. 00 —0.16 1.57 3.01 3.56 1. 00 —0.22 1.74 3. 84 3.08
3 2 2. 20 —0.69 3.23 5.95 2. 67 —0.97 4,50 9. 69
1 1. 00 —0.12 1.57 3.02 3.58 1. 00 —0.19 1.73 3.87 3.10
4 2 2.17 —0. 54 3.13 5.98 2. 64 —0. 82 4,42 9.77
0.1 3 5.25 —1.76 6. 66 12. 34 7.91 —3.15 11.73 25. 46
1 1. 00 —0. 10 1.56 3.03 3.59 1. 00 —0.18 1.73 3. 88 3.10
5 2 2.16 —0. 47 3.09 6. 00 2. 62 —0.75 4,38 9. 81
3 5.25 —1.76 6. 66 12. 34 7.91 —3.15 11.73 25. 46
4 13.68 —4,52 14. 29 26. 80 25. 62 —10. 37 31.77 69. 79
1 1. 00 —0.22 1.58 2.97 3.51 1. 00 —0.27 1.74 3.79 3.04
3 2 2.28 —0. 97 3.48 5. 88 2.77 —1.27 4,72 9. 50
1 1. 00 —0.16 1.57 3.01 3.56 1. 00 —0.22 1.74 3.84 3.08
4 2 2.21 —0.71 3.24 5. 95 2.68 —0.99 4.51 9. 68
0.15 3 5. 46 —2.33 7.30 12. 26 8.21 —3.89 12. 48 25.11
1 1. 00 —0.13 1.57 3.02 3.57 1. 00 —0. 20 1.74 3. 86 3.09
5 2 2.18 —0.58 3.15 5.98 2. 65 —0. 86 4. 44 9.75
3 5.46 —2.33 7.30 12. 26 8.21 —3.89 12. 48 25.11
4 14.18 —5.69 15. 86 26.71 26. 47 —12.21 34. 07 69. 05
1 1. 00 —0.28 1. 60 2.93 3. 46 1. 00 —0, 31 1.74 3.72 3. 00
3 2 2.40 —1.27 3.81 5.79 2.91 —1.61 5. 04 9. 26
1 1. 00 —0. 20 1.58 2. 98 3.53 1. 00 —0.25 1.74 3.81 3.06
4 2 2.25 —0. 87 3.38 5. 90 2.73 —1.16 4. 63 9. 57
0.2 3 5.78 —3.01 8.21 12.18 8. 67 —4, 81 13. 57 24. 67
1 1. 00 —0.16 1.57 3.01 3.56 1. 00 —0.22 1.74 3. 84 3.08
s 2 2. 20 —0. 69 3.23 5. 95 2. 67 —0.97 4. 50 9. 69
3 5.78 —3.01 8.21 12.18 8. 67 —4, 81 13. 57 24. 67
4 14, 94 —7.17 18. 07 26. 62 27. 81 —14. 64 37. 45 68. 08
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Tab.2 Pretressing force distribution and struts’ internal force of two-struts sunflower-type cable

dome without inner hoop

M 1.7y —r;=0, hy =R(cos & —cos Gi+1)

&M 2: ry —7;=0, hy =0. 75R(cos & —cos Gi+1)

f/L j i
T; Vi B; H; T; Vi B; H;
0 0.92 —0.21 0.92 0.92 —0.21 0.92
3 1 1.00 —0.16 1.95 3.76 1. 00 —0.17 2.59 5. 00
2 2.44 —0.79 4. 35 8.21 2.83 —0. 96 6. 60 12. 65
0 0.93 —0.15 0.93 0.93 —0.15 0.93
1 1.00 —0.13 1.95 3.78 1. 00 —0.13 2.59 5.03
! 2 2.40 —0.63 4.27 8.25 2.78 —0.78 6. 54 12.72
o 3 6. 38 —2.26 9.85 18.72 8.49 —3.24 17. 15 33.23
0 0.93 —0.12 0.93 0. 93 —0.12 0.93
1 1.00 —0.11 1.95 3.79 1. 00 —0.11 2. 60 5. 04
5 2 2.39 —0.56 4.24 8.27 2.77 —0.70 6.51 12.75
3 6. 38 —2.26 9.85 18.72 8.49 —3.24 17. 15 33.23
4 18. 06 —6.48 23.11 44. 44 27.31 —10. 85 46. 04 90. 19
0 0.91 —0. 30 0.91 0.91 —0. 30 0.91
3 1 1.00 —0.23 1.95 3.71 1. 00 —0.23 2.57 4. 94
2 2.53 —1.09 4. 56 8.10 2.93 —1.30 6. 75 12. 49
0 0.92 —0.22 0.92 0.92 —0.22 0.92
1 1. 00 —0.17 1. 95 3.75 1. 00 —0.17 2.59 5.00
! 2 2.44 —0.81 4. 36 8. 20 2.83 —0.97 6. 60 12. 65
o1 3 6. 63 —2.93 10. 49 18. 60 8.83 —4.09 17.78 33. 02
0 0.93 —0.17 0.93 0.93 —0.17 0.93
1 1.00 —0. 14 1.95 3.77 1. 00 —0.14 2.59 5.02
5 2 2.41 —0. 67 4.29 8.24 2.79 —0.83 6. 55 12.71
3 6. 63 —2.93 10. 49 18. 60 8.83 —4.09 17.78 33. 02
4 18.71 —7.95 24.83 44, 30 28.29 —12.95 48. 05 89. 89
0 0.90 —0.37 0.90 0.90 —0.37 0. 90
3 1 1. 00 —0.28 1. 95 3. 66 1. 00 —0.28 2.56 4. 87
2 2. 66 —1.42 4. 86 7.99 3.08 —1.67 6. 99 12. 31
0 0.92 —0.27 0.92 0.92 —0.27 0.92
1 1. 00 —0. 20 1. 95 3.73 1. 00 —0.21 2.58 4. 96
! 2 2.49 —0.98 4. 48 8. 14 2.89 —1.17 6. 69 12. 56
o7 3 7.02 —3.74 11. 42 18. 47 9. 35 —5.13 18. 74 32.79
0 0.92 —0.21 0.92 0.92 —0.21 0.92
1 1. 00 —0.16 1. 95 3.76 1. 00 —0.17 2.59 5.00
5 2 2.44 —0.79 4. 35 8.21 2.82 —0.96 6. 59 12. 65
3 7.02 —3.74 11. 42 18. 47 9. 35 —5.13 18. 74 32.79
4 19.72 —9.85 27.37 44. 14 29. 82 —15.72 51.12 89. 55
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