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Equivalent Static Wind Loads of Cylinder Roof
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Abstract: The equivalent static wind loads (ESWL) producing maximum peak responses of roof-
structures were formulated based on the modal expansion of the resilience and the quasi-static
equation for calculating responses. Two approaches to compute ESWL were presented, where
one approach was expressed as a weighted combination of the modal equivalent static wind loads,
and the other was expressed as a weighted combination of the background component and
resonant component. Wind tunnel experiments of a cylinder roof were conducted by means of the
synchronous multi-pressure scanning technique. The peak responses of the vertical displacement
at different wind azimuths were calculated with the complete quadratic combination (CQC)
method and the square root sum of square (SRSS) method, and the effects of modal coupling
were checked. The distributions of the equivalent static wind loads on the cylinder roof obtained
from two approaches above were compared with the mean wind loads, and the corresponding peak
responses and mean responses were analyzed. The analysis results indicate that the equivalent
static wind loads acting on many nodes are much greater than the mean wind loads, and the
effects of fluctuating wind and resonance are deserving of attention.
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Tab.1 Peak Values Responses of Vertical Displacement of Some Nodes for Azimuth of 0°
g 22 26 33 150 155 163 276 281 288
1 ¥ 0% CQC 0.059 8~ 0.040 5 0.031 2 0.046 9 0.038 2 0.019 3 0.028 9 0.040 1 0.026 7
{E/m SRSS ¥ 0.054 7* 0.036 2 0.028 7 0.042 5 0.035 4 0.017 9 0.026 5 0.036 9 0.0237
FHRT R 25/ % 8.53 10. 62 8.01 9.38 7.33 7.25 8.30 7.98 11.24
F2 45" A R AR 4 Y U8 ) 4O 7 U 1 M R
Tab.2 Peak Values Responses of Vertical Displacement of Some Nodes for Azimuth of 45°
gk 22 26 33 150 155 163 276 281 288
v F g CQC 0.017 6 0.037 9 0.030 4 0.048 1~ 0.029 5 0.034 1 0.017 8 0.029 3 0.027 5
i /m SRSS % 0.016 3 0.034 6 0.028 7 0.043 9 0.026 7 0.031 9 0.015 4 0.027 3 0.025 8
MXTIR2E/ % 7.39 8.71 5.99 8.73 9.49 6.45 13.48 6.83 6.18
F3 90X [E A AR 4 B 2 1) o R U B i R
Tab.3 Peak Values Responses of Vertical Displacement of Some Nodes for Azimuth of 90°
gk A 22 26 33 150 155 163 276 281 288
1 Fo CQC % 0.015 1 0.019 8 0.034 0 0.027 8 0.036 2 0.050 8* 0.027 9 0.032 8 0.016 9
{H/m SRSS 0.013 8 0.018 7 0.031 6 0.024 9 0.034 7 0.048 1* 0.026 4 0.030 5 0.015 7
AAX R 2/ % 8.61 5.56 7.06 10. 43 4,14 5.31 5.38 7.01 7.10
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Tab.4 Two Wind Loads on Some Nodes for Azimuth of 0°
A 22 26 33 150 155 163 276 281 288
Frswii /N 858.7 1 768.5 2 210.3 1769.5 987.6 1687.5 1158.7 2 986.3 1678.1
Feswiz /N 873.9 1 805.3 2 184.9 1785.3 965. 8 1654.7 1196.8 2 864.5 1698.3
Fuwe /N 10. 30 31.10 10. 70 120. 90 84. 80 96. 70 942.76 1 101. 30 942. 49
Frswii » Fywe| — 83.37 56. 86 206. 57 14. 64 11.65 17.45 1.23 2.71 1.78
Fiswis * Fyw| — 84.84 58.05 204.19 14.77 11.39 17.11 1.27 2.60 1.80
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Tab.5 Two Wind Loads on Some Nodes for Azimuth of 45°
s 22 26 33 150 155 163 276 281 288
FrswLi /N 658.9 786. 6 257.8 593.1 205.8 257.1 948. 2 3 148.2 —254.3
Feswiz /N 674.1 768.5 278.4 585.2 215.4 268.9 936. 8 3125.6 —226.3
Fuawe /N 423.6 511.7 84. 3 383.6 132.7 164. 3 784.9 1438.2 —157.8
Frswii * Fym 1.56 1.54 3.06 1.55 1.55 1.56 1.21 2.19 1.61
Feswis * Fymr 1.59 1.50 3.30 1.53 1.62 1. 64 1.19 2,17 1.43
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Tab.6 Two Wind Loads on Some Nodes for Azimuth of 90°
S 22 26 33 150 155 163 276 281 288
Feswei /N 469. 8 1 058.6 168. 5 128. 4 135.7 1468.9 506. 8 1390.9 —128.6
Frswiz /N 475.6 1028.2 156. 9 125.4 142.5 1441.2 511.2 1413.6 —131.8
Fuawe /N 439. 600 848. 940 11.047 185. 900 123. 600 1 372.600 374.500 1 052.700 —2.900
Frswii » Fywe| 1,07 1.25 15. 25 0.69 1. 10 1.07 1.35 1.32 44. 34
Feswiz * Fyy, 1.08 1.21 14. 20 0.67 1.15 1.05 1.37 1.34 45. 45
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) FITAE 45 55, FEAE WA R wi | W AE R B wq M 5 1 A PR 43 o S L A
0 22 0.008 6 0.059 8 14. 38 0.015 4 0.037 4 0.061 4 14.01
45 150 0.029 7 0.048 1 61.75 0.009 7 0.010 6 0.050 0 59. 40
90 163 0.031 8 0.050 8 62. 60 0.011 2 0.008 2 0.051 2 62.11
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Fig. 4 Distributions of Wind Loads on the 2nd Row
Nodes for Azimuth of 0°
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