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The wind resistance grade of constructions on an island near Zhuhai
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Abstract: With global warming, extreme winds, particularly short-term extreme winds are becoming
more frequent and cause great damage to constructions. In this paper, an extremum model and a CFD
method are used to study the wind resistance grades in different directions of constructions on the island
near Zhuhai, to provide fundamental information for architectural design and reduce disasters. Because
of the limitation of automatic observations, the Gumbel distribution is used to fit the extreme winds in
16 directions of the Zhuhai Station; then the gust coefficients and relevant data from nearby automatic
stations are used to calibrate the data in the study area. It is resolved that the annual extreme wind speed
of once in 50 years and once in 100 years is 76.1 m/s and 83.5 m/s, respectively; the directions with
the maximum winds are East-Southeast (ESE), East (E), and East-Northeast (ENE). Furthermore,
we simulated the effects of extreme winds from 16 different directions using CFD, it is found that the
layout, shape, and height of constructions all affect the wind speed. The required wind resistance
grades of constructions on the island are determined: the D4 area needs the highest wind resistance
grade which is over the Beaufort wind force scale of 17; the D2 area requires the lowest wind resis-
tance grade, which is about the Beaufort scale of 14 to 15.
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Fig. 1 The surroundings of the constructions on the island near Zhuhai (a), and its 3D model with an aerial view (b)
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Fig. 2 Design flow chart of wind resistance grade at 16 directions of building surface in the study area
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Fig. 3 The fitting curves of annual maximum wind speed at Zhuhai station
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Table 2 Maximum wind speed in different return periods in 16 directions at Zhuhai station m/s
. I /a
JifL
3 5 10 20 50 100
N 7.9 8.9 11.5 13.3 14.8 16. 4
NNE 7.1 9.1 11.7 14.1 17.2 19.5
NE 11.7 13.8 16. 6 19.3 22.8 25.4
ENE 13.9 16.2 19.1 21.9 25.6 28.3
E 18. 4 21.1 24.4 27.5 31.4 34.2
ESE 16.7 19.9 23.9 27.6 32.3 35.7
SE 11.7 13.3 15.3 17.2 19.7 21.6
SSE 6.5 9.0 12.4 16.0 20.9 24.7
S 7.0 7.9 9.0 10.0 11.3 12.2
SSW 7.3 8.6 10.3 11.9 13.9 15.5
SW 7.9 9.3 12.2 15.9 21.6 26.3
WSW 10. 6 12.3 14.5 16.5 19.2 21.1
w 9.1 10. 3 12.8 14.2 15.2 16. 1
WNW 7.0 8.4 10.0 11.5 13.2 14.4
NW 8.0 9.2 10. 6 11.9 13.5 14.6
NNW 9.3 10. 6 11.9 13.0 14.3 15.2
AR 20.5 23.4 27.1 30.6 35.1 38.5
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Table 3 Extreme wind speed in different return periods in 16 directions at the study area m/s
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NE 25.4 29.9 359 41.8 49.4 551 SW 17.220.1 26.4 34.4 46.8 57.0
ENE 30,1 35.1 41.5 47.6 55.5 61.4 WSW 23,1 26.8 31.4 358 41.6 459
E 39.9 45.8 53.0 59.7 68.1 74.3 W 19.8 22.3 27.8 30.9 33.0 350
ESE 36.3  43.2 51.8 59.8 70.0 77.4 WNW 15,1 181 21.7 24.9 28.6 31.1
SE 25.4 28.8 33.2 37.4 42.8 46.9 NW 17.4  19.9 23.0 25.8 29.2 31.6
SSE 14.2  19.4 26.9 34.7 453 53.5 NNW  20.2 22.9 25.8 283 31.0 32.8
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Fig.4 Wind speed on D1-D4 building surface under ESE gale environment with return period of 50 years
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Table 4 wind levels corresponding to wind speeds
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Fig. 5 Classification of wind resistance grade of 50 year return period on the front of D1-D4 building surface (North upward)
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Fig. 6 Classification of wind resistance grade of 50 year return period on the back of D1-D4 building surface (North downward)
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