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CALCULATION METHOD OF PRESTRESS DISTRIBUTION FOR LEVY
CABLE DOME WITH DOUBLE STRUTS CONSIDERING SELF-WEIGHT
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(1. College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China;

2. Beijing Engineering Research Center of High-rise and Large-span Prestressed Steel Structure, Beijing University of Technology, Beijing 100124, China)

Abstract: A type of Levy cable dome with double struts is presented to improve the mechanical behavior of
cable domes. This structure has a good stability and is convenient for construction due to the fact that each upper
node is connected to two inclined struts. To solve its force finding problem, according to the balanced equations
of connections, the calculation formulas of prestress distribution with self-weight considered are deduced. The
calculation tables of cable dome under different parameters are given to investigate the mechanical behavior. The
differences of prestress-state with and without self-weight are compared, and the proposed formulas are checked
using finite element iteration method. The results show that with the increase of rise-span ratio and height of
struts, the initial prestress decreases for all components. Under self-weight, the internal force of inner ridge cables
decreases, while the internal force of the most outer diagonal cables and hoop cables increases significantly. Using
the formulas deduced in this paper, the actual initial prestress distribution considering self-weight for Levy cable
dome with double struts can be obtained rapidly and accurately, providing a reference for engineering design.
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Table 1 Calculation table of prestress distribution of double struts-Levy dome with different rise-span-ratio (, = i/, n=12)
_ £I1L=1/16 fIL=1/12.5 £/L=1/10

" l Si R; D; H; Si R; D; H; Si R: D; H;
0 -12.0 24.4 244 0.0 -12.0 19.2 19.2 0.0 -12.0 15.6 15.6 0.0

3 1 —4.8 28.0 50.8 100.8 —4.3 222 40.2 79.5 -4.0 18.1 32.8 64.4
2 —19.8 70.1 110.8 224.4 -17.4 55.8 88.7 176.8 —16.0 45.8 73.5 143.2
0 -12.0 325 325 0.0 -12.0 25.6 25.6 0.0 -12.0 20.8 20.8 0.0

4 1 -5.7 37.3 67.5 134.5 —4.9 29.5 53.4 106.1 -4.4 24.0 435 86.0
2 -24.0 92.9 146.2 299.4 -20.4 73.6 116.3 236.0 —-18.1 60.1 95.4 191.3
3 —82.3 245.1 330.5 692.0 —69.6 194.9 265.4 545.6 —61.7 160.0 220.9 442.3
0 -12.0 40.6 40.6 0.0 -12.0 32.0 32.0 0.0 -12.0 26.0 26.0 0.0
1 -6.7 46.6 843 168.2 -5.6 36.8 66.6 132.7 —4.9 29.9 54.1 107.6

5 2 -28.6 115.8 181.9 3743 -23.8 91.6 144.2 295.2 -20.6 74.6 117.8 239.4
3 -98.3 305.0 408.8 865.3 -81.4 241.8 326.2 682.4 -70.3 197.5 268.8 5533
4 —314.3 838.9 959.3 2080.9 —260.0 666.2 772.7 1641.1 —224.7 545.8 645.5 1330.6
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Table 2 Calculation table of prestress distribution of double struts-Levy dome with different strut height (n=12)

h = Ar-tan15° h = Ar - tan20° h! = Ar - tan25°
" l Si R; D; H; Si R; D; H; Si R; D; H;
0 -12.0 10.9 39 0.0 -12.0 10.9 29 0.0 -12.0 10.9 24 0.0
3 1 =25 8.6 16.8 32.3 =23 8.0 11.9 223 -2.1 7.7 9.2 16.7
2 -11.3 23.3 67.5 131.7 —8.8 18.9 41.5 79.2 =7.5 16.3 29.2 54.0
0 -12.0 20.8 3.9 0.0 -12.0 20.8 2.9 0.0 -12.0 20.8 2.4 0.0
4 1 -2.3 14.1 14.3 27.9 -2.1 13.6 10.4 19.8 -2.0 13.2 8.2 15.1
2 -8.2 27.7 40.9 81.7 —-6.6 242 27.1 532 =5.7 222 20.2 383
3 -29.7 71.1 127.0 258.5 —21.1 54.8 74.6 149.2 —-16.5 46.1 51.2 99.2
0 -12.0 26.0 3.9 0.0 -12.0 26.0 2.9 0.0 -12.0 26.0 2.4 0.0
1 -23 17.1 13.8 27.1 -2.1 16.5 10.1 19.3 -1.9 16.2 8.1 14.8
5 2 -1.7 31.0 36.5 73.6 -6.3 27.7 24.8 48.9 =54 25.8 18.7 357
3 =259 71.9 101.7 209.7 -18.7 57.6 62.1 125.7 -14.9 49.8 43.8 85.9
4 -92.5 202.5 317.6 665.3 -59.0 142.7 170.8 352.6 —42.9 112.9 110.6 221.6
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Table 3 Comparison of ideal prestress and actual prestress

Mateorel  MofRaiE  BARTINS)  SEERTIRLD  RE/(%)
Sy P108x4 -120.0 -120.0 0.0
I $108x4 -20.8 -22.6 8.8
S, $180x5 -65.8 -76.2 15.9
S $290x10 —210.6 —269.9 28.2
Ry  31¢7 207.8 192.9 -72
g B 317 135.7 128.3 -5.4
Ry 557 242.0 2426 0.3
Ry 24197 5483 598.4 9.1
Dy 3197 29.2 315 7.5
Pl 317 104.3 120.4 15.5
D, 5597 271.4 336.7 24.1
Dy 24197 7464 1047.4 40.3
Hi 3797 198.1 2282 15.2
HE m 917 531.6 656.0 234
Hy 2537 1492.1 2074.9 39.1
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Table 4 FEM iteration process for initial prestress calculation with self-weight considered

A BRI ARIEL AN

Loki e il fiTf 2~ 305 R /KN BE(%)
BIAGAE 1 B2 ERR/ R
So -120.0 -120.0 -120.0 -120.0 -120.0 -120.0 0.00
ST M -20.8 -23.4 =225 -22.8 -22.6 -22.6 0.07
M —65.8 -80.1 -75.9 -71.4 -76.1 -76.2 0.09
S3 —210.6 —290.9 —268.3 -276.8 —269.5 —269.9 0.14
Ry 207.8 190.1 192.4 191.5 192.9 192.9 -0.01
B% R, 135.7 127.0 128.0 127.6 128.3 128.3 -0.01
R, 242.0 2447 241.9 242.9 242.6 242.6 0.02
R3 548.3 618.7 596.1 604.5 598.0 598.4 0.07
Dy 292 126.4 31.4 31.7 31.4 315 0.04
pope D, 104.3 322 119.9 122.3 120.3 120.4 0.09
D, 271.4 359.8 335.0 3443 3363 336.7 0.12
D; 746.4 1149.7 1040.9 1081.9 1045.6 1047.4 0.17
H, 198.1 239.2 227.2 231.7 228.0 228.2 0.09
2N H, 531.6 700.0 652.7 670.4 655.2 656.0 0.12
H; 1492.1 2273.3 2062.2 2141.6 2071.4 2074.9 0.17
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