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Wind-induced vibration characteristics and simplified design method of
spatial cable-truss photovoltaic support structures

GU Yu-heng, LIU Hong-chuang, DENG Hua

(Space Structures Research Center, Zhejiang University s Hangzhou 310058, China)

Abstract: The characteristics of wind-induced vibration responses are investigated using the explicit dynamics
analysis method for spatial cable-truss photovoltaic support structures under downward and uplift wind loads,
respectively. The downward wind load induces a torsional resonance response of the support structure according to
the analysis of the power spectrum of displacement response, while the vertical resonance response is primarily
excited by the uplift wind load due to the relaxation of the bottom chord cable. The wind-induced dynamic response
of the support structure exhibits a high-frequency fluctuation around its quasi-static response, whose standard
deviation can therefore be employed to estimate that of the structural dynamic response. The structural response is
verified by a Q-Q plot to approximately follow a normal distribution. The influences of the four main design
parameters including the reference wind speed, the structural span, the pretension of cables and the inclination of
photovoltaic panel on the structural dynamic responses are investigated. The key parameters affecting the
structural dynamic responses are identified through the multiple linear regression analysis, and fitting
formulas for the standard deviation of dynamic responses caused by downward and uplift wind loads are
suggested, respectively. Simplified calculation methods are proposed for estimating the mid-span wind-
induced displacement and cable internal forces of spatial cable-truss photovoltaic support structures.
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Fig. 1 Spatial cable-truss photovoltaic support structure and its computational model
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Fig. 3 Shape coefficient of wind load on photovoltaic panels
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Fig. 4 Mode shapes and frequencies of the first six modes of support structure
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Table 1 Characteristics of structural responses with respect to different reference wind speeds

D1 % ERRER TR

/(m/s)  wu,/m o./m O./m 6./0,  Fu/kN 65 /KN  0e /KN  0p/0re  Fu/kN o5 /KN 8p /KN 05 /O
20 0.67 0.17 0.12 1. 33 18. 46 9.58 5.41 1.77 32.43 7.48 5. 74 1. 30
23 0. 83 0.2 0.13 1.47 25.62  13.26 6.51 2.04 39.98 9.78 6.61 1.48
26 0.98 0.24 0.14 1.67 33.09 17.36 7.67 2.26 47.54  12.27 7.48 1.64
29 1.13 0.27 0.15 1.76 40. 85 26. 00 8. 70 2.99 55.12 14. 64 8. 38 1.75
32 1.27 0.29 0.16 1. 83 48.77 30. 37 9.77 3.11 62.72 17.31 9.30 1. 86
—20 0.75 0.21 0.12 1.75 17. 89 9.99 7.30 1.37 —21.54 0.98 —0.02 —44.03
—23 0.9 0.23 0.12 1.91 27.55 13.62 8. 80 1.55  —21.57 0.88 —0.02 —59.22
—26 1. 04 0.25 0.12 2.02 37.64  15.57  10.34 1.51 —21.58 1.13 —0.01 —102.27
—29 1. 16 0.3 0.13 2.38 48.1 19.62  11.91 1.65 —21.60 2.12 —0.01 —240.05
—32 1.28 0. 36 0.13 2.78 58.89  25.94  13.55 1.91 —21.60 2.61 —0.01 —357.62
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Table 2 Characteristics of structural responses with respect to different spans
% ERR TR

b u,/m  ¢,/m 8, /m 6./0,  Fu/kN o065 /KN  0e/kN 04 /0k  Fu/kN o5 /KN 8p /KN 05 /O
33.3 0.98 0.21 0.14 1. 50 30. 68 13.73 6. 87 2.00 44, 24 11.03 6.52 1. 69
31.0 0.83 0.20 0.13 1. 47 25.62  13.26 6.51 2.04 39.98 9.78 6.61 1.48
28.7 0.68 0. 22 0.12 1.75 22.16  12.59 6.07 2.08 35.32  10.57 6.46 1. 64
26.4 0. 54 0.16 0.11 1. 40 19.19  10.24 5.51 1. 86 29.56  10.63 6.21 1.71
24.1 0.42 0.15 0.10 1. 60 14.02 9.68 4.54 2.13 23.09 10. 40 6.09 1.71
33.37 1. 00 0.29 0.13 2.31 29.62 16. 90 9.43 1.79 —21.57 1.72 —0.02 —108.33
31.07 0.90 0.23 0.12 1.91 27.55 13.62 8. 80 1.55 —21.60 0.88 —0.02 —59.22
28.7" 0.81 0. 22 0.11 2.03 25.43  138.05 8. 17 1.60 —21.62 1.34 —0.01 —98.10
26.47 0.72 0.16 0.10 1.55 23.27 11.80 7.52 1.57 —21.64 1.51 —0.01 —117.41
24. 17 0.62 0.19 0.09 2.02 21.10  11.65 6. 85 1.70  —21.67 1.09 —0.01 —92.41
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Table 3 Characteristics of structural responses with respect to different pretension forces in upper chord cables

% EER TER
H,/RN

uy/m  o,/m 6./m  0,/0, Fu/kN op/kN  6r/kN  05/0r Fux/kN o5 /kN = 0r /KN o5 /0,

18 0.98 0. 20 0.13 1.56 28.73 15. 34 6.63 2.31 39. 27 10. 10 6. 34 1.59

24 0.90 0.20 0.13 1.51 24.30  14.42 6.62 2.18 39.72  10.23 6. 45 1.59

30 0.83 0.20 0.13 1.47 20.16  13.26 6.51 2.04 39.98 9.78 6.61 1.48

36 0.76 0.21 0.14 1.56 16.34  15.20 6.33 2. 40 40.03 11.02 6.78 1.62

42 0.70 0.21 0.14 1.57 12.93  14.87 6.05 2.46 39. 85 11.52 6.98 1. 65
18 * 1.00 0.23 0.11 2.06 28. 74 14. 44 9.06 1.59  —21.50 1.16 —0.01  —99.35
24 % 0.95 0.24 0.12 2.11 25.30  14.77 8.95 1.65 —21.60 1.12 —0.01 —85.44
30 % 0.90 0.23 0.12 1.91 22.08  13.62 8. 80 1.55  —21.60 0.88 —0.02 —59.22
36 * 0. 86 0. 25 0.12 2.08 19.12  13.88 8.61 1.61 —21.60 1.30 —0.02 —77.83
42" 0.81 0. 27 0.13 2.18 16.40  14.22 8. 37 1.70  —21.70 1.75 —0.02 —93.83
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Table 4 Characteristics of structural responses with respect to different inclinations of photovoltaic panel

O ik L TR
e u,/m  o,/m 6.,/m  ¢,/8, F../kN op,/kN 68r/kN  o0p /8 Fu/kN o5 /kN 0w /kN o5, /Or
20 0.51 0.17 0.11 1.59 12.27 9.75 3.99 2.45 34.04 10. 15 6.68 1.52
25 0.63 0.19 0.12 1.53 16. 64 10. 36 5.04 2.06 36. 28 10. 28 6.68 1. 54
30 0.74 0. 20 0.13 1.55 21.46 11. 94 5. 94 2.01 38.02 10. 06 6.56 1.53
33 0.83 0. 20 0.13 1. 47 25.62 13. 26 6.51 2.04 39.98 9.78 6.61 1.48
35 0.89 0.21 0.14 1. 55 28. 38 14.21 6.91 2.06 41.12 10. 55 6.61 1. 60
20 * 0.66 0.24 0.12 1. 98 18.09 11.12 7.15 1.56 —21.58 1.98 —0.02 —86.84
25 % 0.76 0. 26 0.12 2.19 21. 80 12. 80 7.84 1.63 —21.59 1.89 —0.02 —102.61
30 % 0.85 0. 34 0.12 2.87 25.42 14.93 8. 45 1.77 —21.60 2.81 —0.02 —177.54
33 x 0.90 0.23 0.12 1.91 27.55 13.62 8. 80 1.55 —21.60 0.88 —0.02 —59.22
357 0. 94 0. 26 0.12 2.15 28.96 14.19 9.02 1.57  —21.60 1.31 —0.01 —91.72
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